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The Injury to the Hull of the U. S. S. 
“Arkansas” by Grounding 
(CONTRIBUTED) 


In the course of the discussion consequent on the 
foundering of the “Titanic,” frequent occasion was taken 
to compare the methods of construction and water-tight 
division of warships to those in that unfortunate vessel. 
It was stated freely that, had an accident, similar to 


that which overcame the “Titanic” occurred to a man-of- 
war, the consequences would have been comparatively in- 
significant and the ship would have been able to make 
port without even disembarking passengers. 

In view of all’ this, it seems a remarkable coincidence 
that within less than a year one of the newest battleships, 
representing the last word in warship construction, as 
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did the “Titanic” in merchant construction, should ex- 
perience an accident of the same general kind. While 
it is not possible to draw accurate conclusions as to what 
might have happened to either ship under the circum- 
stances attending the accident to the other, yet a descrip- 
tion of the damages to the U. 8S. S. “Arkansas” and some 
comparisons at least should prove of interest. 

As well will be remembered, the generally accepted 
theory of the accident to the “Titanic” is that a project- 
ing underwater ledge of the iceberg ripped open the shell 
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U. 8. S. “Arkansas” 1n Dry Dock at THE Brooktyn Navy Yarp ror REPAIRS TO THE BoTToM 
(Showing special shoring to support overhang during work on the under frame.) 


plating of the ship for about 200 ft. and permitted water 
to enter the six forward compartments. As these com- 
partments filled, the vessel sank by the head and water 
flowing over the tops of the water-tight bulkheads reached, 
successively, compartments farther aft until finally the 
vessel, going down deeper by the head, sank bow on. 
The accident to the “Arkansas” occurred at six o’clock 
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in the evening of Feb. 11, 1913, while the vessel was pro- 
ceeding at a speed of 12 knots from Guaycanayabo Bay, 
Cuba, to Guantanamo. Although the chart indicated 
over 60 ft. of water, and soundings taken just before and 
after the accident showed this depth, except in one spot, 
yet the vessel struck bottom when drawing slightly over 


NEWS 





Vol. 70, No. 


ture due to the weight of the overhanging portions of 
ship, which depend normally when in dry dock 
girder strength of the structure for their support. ‘| 
weight was taken care of on the “Arkansas.” as show 
Fig. 1, by shoring fitted as soon as possible afte: 
water had been pumped out of the dock. 





Fig. 2. Sfarsoarp Sipe Looxine Art 


Fic. 3. Port Sipe Looxine Arr 


Fics. 2 AND 3. DAMAGE TO THE BOTTOM OF THE “ARKANSAS” 


25 ft. forward, 28 ft. aft. The obstructiens undoubted!y 
consisted of uncharted coral pinnacles. ‘These apparently 
were broken off by the ship riding over them, as the dam- 
ages decreased toward the stern even though the ship 
drew more water aft than forward. The “Arkansas,” in 
striking, rolled first to one side and then to the other and 
there was a succession of shocks, cdmpared by one officer 
to those experienced when a street car runs off the track 
and over cobble stones. 

The discipline on board was excellent; the crew re- 
sponded promptly to the call for ‘collision quarters” and 
all water-tight doors and hatches were closed until ex- 
amination could be made to determine the extent of the 
daniages. It was found that some twelve of the double- 
bottsm compartments were leaking, though the water in 
several of these could be kept down by the pumps. The 
inner bottom held and the leakage was confined practi- 
cally to those compartments that were opened to the sea 
by the damage fo shell plating, and which were of com- 
paratively small volume. The ship was able to continue 
on her trip and later came north, without convoy, for re- 
pairs; at no time was there the slightest danger of found- 
ering as a result of the accident. 

The vessel came to the Brooklyn Navy Yard and on 
Mar. 1, nearly four weeks after the accident, was floated 
into dry dock No. 4. When the bottom of a heavy ship 
has been*damaged in any way, the usual difficulties at- 
tendant on dry docking are greatly increased. The 
weight of the ship, which is supported, when afloat, by 
the buoyancy of the water, must be concentrated when in 
dry dock and supported on the bottom plating and fram- 
ing. When damage to a ship’s bottom has been sustained, 
any of the plating or framing that has buckled cannot be 
called on to support its share of the weight. Fortunately 
enough, in the case of the “Arkansas,” as the event 
proved, the framing directly in way of main keel and 
docking keels, which rest on the blocks in the dry dock, 
was not damaged. The only serious danger lay, there- 
fore, in the possibility of further distortion of the struc- 


After the “Arkansas” had been floated into the dry 
dock and enough water pumped out to land her on tl: 
blocks, examination was made by a diver to find if the 
vessel was pesting properly. It was found that for a con- 
siderable distance forward she was not bearing on the 
blocks; though at first it appeared that this was due to 
local deformation of the docking keel framing, later it de 
veloped that such was not the case and that it was due in 
all probability to a slight deformation of the ship as 1 
whole. As the water was pumped out of the dock, further 
examination revealed that more and more of the surface 
was béaring as the weight came on the blocks, until finally 
when the dock was dry the main and docking keels bore 
on the blocks properly throughout their whole length, 
though the weight was not equally distributed. 

Examination of the damage, made after the dock was 





Fic. 4. OnE or THE HOLES IN THE BOTTOM OF THE 
“Arkansas”; StarpoaRD Sipe Looxine AFT 


dry, showed that one pinnacle rock struck the bottom just 
under the port forward bilge keel and distorting this 
badly, forced in the shell plating in way of it. Another 
rock seraped along the bottom on the port side for over 
200 ft., and for that distance made an indentation simi- 
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> to an inverted trough, opening seams, tearing ‘holes in 

shell plating and buckling framing, brackets and 

,vitudinals. On the starboard side, a rock struck and 
suse similar damages for a distance of over 100 ft. 
in other places the ship apparently rode over rocks which, 
jowever, caused no damage other than slight buckling of 
‘raming. That the damage sustained by the vessel as a 
yhole was so comparatively small, may be attributed to 
‘he excellent material and workmanship in the ship and 
he rigidity of the structure as designed. 

The repairs required were considerable in extent and 
nvolved removal of 28 shell plates, of which ‘12 were so 
adly damaged as to require to be replaced with new ones, 
while the remainder permitted of being straightened and 
replaced. Internal framing and brackets were badly 
buckled and broken throughout the area of the damage 
and had to be repaired by cutting out and renewing the 
damaged portions. While this work was in progress pre- 





Fie. 5. Borrom or THE “ARKANSAS” (Port Stpe Look- 
ING Art) AFTER REMOVAL OF SHELL PLATING, 
SHOWING BENT AND BROKEN FRAMES AND 
Frioor PLATEs 


cautions had to be taken to guard the integrity of the 
structure as a whole against deformation when portions 
were removed for repairs. In a number of locations where 
there was slight buckling of brackets plates these were 
straightened and strengthened by riveting on angle stiff- 
eners. 

While it does not seem safe to conclude that the “Ti- 
tanie” would have sunk had she experienced a similar 
accident to that of the “Arkansas,” yet it does seem justi- 
fiable to say that the “Arkansas” would have been safe 
had she had the same experience as the “Titanic.” 
Though the latter vessel was proceeding at about twice 
the speed of the “Arkansas,” the force of the blow ex- 
perienced by each can be compared by the sensations of 
those on board. No one on the “Titanic” seems to have 
felt anything unusual, while on the “Arkansas” everyone 
felt the shocks as the ship rolled and bumped when her 
framing struck the rocks and rode over them. 

The “Titanic” had an inner bottom which, however, 
did not extend above the turn of the bilges, while the 
“Arkansas” wa: so fitted up to the waterline. There is 
no reason to suppose that it would have proved less ef- 
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ficacious in case of a side blow such as the “Titanic” ex- 
perienced, than it did for the damage actually sustained 
by the “Arkansas,” which was on the flat bottom. The 
efficacy and value of an inner bottom over all the sub- 
merged portions of a ship are demonstrated and ample 
justification is given, if any had been needed, for the ¢re- 
cent action of the owners of the “Olympic” in extending 
the inner skin up the sides of the ship. 

Another view of the question which has not been 
touched upon in the foregoing is the fact that even had 
the inner bottom of the “Arkansas” failed, the water- 
tight subdivision undoubtedly would have saved the ship. 
While it is conceivable in that event that several of the 
larger compartments might have been flooded, there is 
every reasonable assurance that the vessel would have 
been safe. 
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Pittsburgh, Penn., in 1807 


As of interest in showing the vast expansion of our 
cities during the past century, we publish the following 
statement of the “number of manufactories, artists and 
mechanicks” situated in Pittsburgh, Penn., in 1807. The 
matter is taken from “The Navigator: Containing Di- 
rections for Navigating the Monongahela, Alleghany. 
Ohio and Mississippi Rivers; with an Ample Account 
of These Much Admired Waters, from the Head of the 
Former to the Mouth of the Latter; and a Concise De 
scription of Their Towns, Villages, Harbors, Settle 
ments, Ete.,” published by Zadok Cramer, Pittsburgh, 
1808. 

Pittsburgh is boosted very highly as may be seen from 
the accompanying extract, for which we are indebted to 
Rk. C. Hardman of Colorado Springs, Colo. 


It is highly probable that Pittsburgh will become, from 
the many advantages which nature has placed within the 
grasp of its inhabitants—added to those which may arise from 
the addition of art—one of the most considerable inland man- 
ufacturing towns in the United States. Indeed we can draw 
at this time a tolerable good picture of our future eminence 
by a view of the present state and number of our manufac- 
tories, artists and mechanicks, each pursuing his business 
in a manner perhaps unparalleled, for vigilance, ingenuity 
and industry. » 

The following statement of the number of master work- 
men in each particular branch, with the manufactories, was 
taken in the fall of 1807: 1 cotton manufactory, having a 
mule of 120 threads, and one spinning Jenny of 40 threads, 4 
looms, and a wool carding machine under the same roof: 1 
glass works, on the opposite side of the Monongahela, for 
green, and one on this side for white glass, 2 breweries, 1 air 
furnace, 4 nail factories, one of which makes 100 tons of cut 
and hammered nails annually; 7 coppersmiths, tinplate work- 
ers and japanners; 1 wire weaving and riddle factory: 1 brass 
foundry, 6 saddlers and harness makers, 2 gunsmiths, 2 to- 
bacconists, 1 bellmaker, 3 tallow chandlers, 1 brush maker, 1 
trunk maker, 5 coopers, 13 weavers, 10 blue dyers, 1 comb 
maker, 7 cabinet makers, 1 turner, 6 bakers, 8 butchers, 2 


barbers, 6 hatters, 4 physicians, 2 potteries of earthenware. 
3 straw bonnet makers, 4 plane makers, 6 milliners, 12 mantua 
makers, 1 stocking weaver, 2 book binders, 4 house and sign 
painters, 2 portrait painters, 1 mattress maker. 3 wheel- 
wrights, 5 watch and clock makers and silversmiths, 5 brick- 
layers, 5 plasterers, 3 stone cutters, 8 boat, barge and ship 
builders, 1 pump maker, 1 iooking-glass maker, 1 lock maker. 
7 tan yards, 2 rope walks, 1 spinning wheel maker, 17 black- 
smiths, 1 machinist and whitesmith, 1 cutler and toolmaker. 
32 house carpenters and joiners, 21 boot and shoe makers or 
cord wainers, 5 windsor chair makers, 13 taylors, 1 breeches 
maker and skin dresser, 12 school masters, 4 school mis- 
tresses, 33 taverns or public inns, 51 mercantile stores, 4 
printing offices, 6 brickyards, 3 stone masons, 2 bookstores, 4 
lumber vards, 1 maker of machinery for cotton and wool 
manufactories, one factory for clay smoking pipes, 1 indiffer- 
ent copperplate printing press. 
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Neglected First Principles of 
Masonry Dam Design 
By Grorce Hotmes Moore* 


With ample provocation has Frederick P. Stearns de- 
clared that “It is a disgrace to the engineering profes- 
sion that so many masonry dams have failed.” And with 
the very soundest of premises has John R. Freeman pre- 
dicted that all the text-books on dam design must be 
either entirely rewritten or else drastically revised. 

Briefly stated, the indictment against the existing text- 
books and treatises may be expressed in the sweeping 
charge that they “amplify the unimportant and evade the 
essential.” Such a charge demands evidence to sustain 
it; and to adduce such evidence is the purpose of the dis- 
cussion which follows. Of the various neglected first 
principles of dam design, for brevity only a few of the 
more striking examples will be dealt with, under the 
following captions: 

(1) The two-three triangle for gravity dams. 

(2) The stress changes attendant upon overflow. 

(3) Abortive analyses for ice thrust, bearing power 
and uplift. 

(4) Professional attitude toward the arch and simi- 
Jar designs. 


Tue Two-THREE TRIANGLE For Gravity Dams 


In possibly no other branch of dam design is the 
amplification of the unessential so marked as here, for 
the “theoretic-profile” and “hyperbolic-curve” nonsense 
heaped upon what might be termed the standard gravity 
section is astounding indeed. Pages, chapters, even vol- 
umes are devoted to a discussion of gravity profiles which 
depart but negligibly from a simple basic section. Yet 
this basic section and the reasons for it are seldom more 
than touched upon in the haste of the authors to arrive 
at some pretentious profile of some more pretentious dam. 

It is a fact, indeed it is the most fundamentally essen- 
tial fact, that all gravity profiles, if superimposed upon 
each other, will produce a final “composite picture” (see 
Fig. 1.). The fact is not a new one, nor are the reasons 
far to seek. Yet where is the authority bold enough to 
declare that all gravity profiles are merely variations of 
a simple triangle, a triangle whose base dimension is two- 
thirds of its height? But one instance has come to the 
writer’s attention in which the designer defied tradition 
and used the simple section unadorned. And this is the 
Roosevelt Dam, a structure which is fundamentally of the 
arch type. 

The justification of the two-three triangle is simple in- 
deed. Consider a triangular dam section as in Fig. 2. 
Let 

h = depth below water level ; 
b = base-length; 
w = weight of masonry in lb. per cu.ft. ; 

62.5 = weight of water in lb. per cu.ft. ; 

k =a constant, being the ratio of b to h necessary 
by the middle-third criterion. 

By simple hydraulics, the overturning moment of the 
water is: 


CO, ‘ee sae 
Mo = 62.5 2 x = 62.5—— 


*City Engineer's Office, Seattle, Wash. 
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Similarly the resisting moment of the masonry i. . 
-_. we x h x 4b = es — whrhs 
2 3 3 

The middle-third requirement involves (fo 
dams) a minimum safety-factor of 2 against overt 
about the toe as a pivot, i.e., 

M, = 2 Mo 

or, 


wkrhs tas" =) 
a = 2[ ——— 
3 6 


whence 


b= , [62.5 


w 


This is an equation which enables us to determin: the 
ratio of section base to section height for any density of 
material. Thus: 

For w = 160 lb. per cu.ft., k = 0.625, whence b = kh = 0.625 h 
For w = 150 lb. per cu.ft., k = 0.646, whence b = kh = 0.6): 
For w = 140 Ib. per cu.ft., k = 0.668, whence b = kh = 0.668 h 


These ratios amply justify a typical section whose }se 
is two-thirds its height, since the construction materia 
for any impounding structure rarely or never weighs |css 
than 140 lbs. per cu.ft. 

This, then is the simple basis for the inevitably recur- 
ring two-three triangle which is approximated in nearly 
all standard sections for gravity dams. 

The above analysis is not claimed to be new. The 
point and protest intended to be made is that none, or 
almost none, of the authorities present it as vitally es- 
sential. And, on the other hand, all (or almost all) au- 
thorities dwell upon the various profiles as distinct de- 
signs rather than as comparatively unimportant varia- 
tions of a central theme. 


Stress CHANGES ATTENDANT UPON OVERFLOW 


Of all the essential considerations of dam design, the 
analysis of the stress-changes which result as the water- 
level of a reservoir rises to and above the crest level of 
the impounding dam is possibly the one most sadly neg- 
lected. In fact, few, even among the designers, seem to 
appreciate the importance of such an analysis. 

We know what section is safe from overturning when 
the water-level is at its crest. But where is the authority 
who will tell us how soon our safety-factor drops from the 
2 of so called safety to the 1 of imminent disaster? Where 
is the Standard textbook which warns the novice that 
a “safe” section for a 30-ft. head becomes a menacing 
one if topped by a 10-ft. flood? Yet these are facts, as 
will be shown. 

A little trade booklet is issued under the striking title 
of “The Dams That Failed.” Here we find a collection 
of photographs and other data concerning failures of al! 
kinds and classes. An inspection of this discloses at 
least one absorbingly interesting fact, namely that no 
dam over 80 ft. in height ever has failed. And further 
it appears that, of the masonry structures which have 
given way, by far the greater number have been of the 
overfall type ; i.e., low dams subject to considerable depths 
of overflow. This seems something more than coinci- 
dence. 

Refer to the section sketch Fig. 3. Using the method 
previously adopted, with some slight variations, let: 

P = overturning resultant of water pressure; 
h, = height of section, or water depth for crest-line : 








September 4, 1913 


h, = water depth for failure-level ; : 

xc =h, — h, = depth of overtopping flood ; 

y = depth of water resultant below water level ; 

z =h, —- y = vertical distance between water-re- 
sultant and base-level ; 


Vyurlnty ee = 
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Fig, 1. SUPERIMPOSED Prorites OF SoME WELL KNOWN 
Masonry Dams 
(“Cedar Lake Study” is a preliminary 


for the Cedar Lake Dam of the Seattle 
not the section finally adopted.) 


section 
it is 


or study 
water-supply; 


and M of = overturning moment for failure conditions. 
The following relations may be deduced from Fig. ‘ 
Mof = P (h, — y) 
62.5 


P=; 


h. 
y= a(; 


8 — 78 
2 x 
2 7? 
2 & 


from which, after simplifying, we obtain 


w 


(h? eo w*) 


i2 
( 





62.5 
Mof = —- (hS — 3h,x? + 22) 
) 
At “failure-level” (water-depth = h,), the resisting mo- 
ment will be just balanced by the overturning moment; 
or 
Bhs 
Mof = My = 2 Mo =2X at 
) 
and we have 
62. 25s 
O25 a ghyet +208) = 2 x 25M 
) 
Substituting for a its value of h, — h,, we arrive at a 
final valué of 
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which demonstrates the proposition as previously stated, 
that a safe section for a 30-ft. head becomes a menace or 
a failure if topped by a 10-ft. flood. And this without 
considering the accessory agents of vacuum, tremor and 
flotational effects of submergence. Small wonder that 
so many overfall dams are among the list of failures‘ 

The above discussion brings out only the limiting con- 
dition of overflow depth, viz., that which will preduce fail- 
ures by overturning. But the variation of stresses for 
intermediate water levels will be seen in Figs. 4, 5 and 6. 

From an inspection of Fig. 4, it will be evident that 
the 66-ft. Austin (Tex.) dam was already dangerously 
stressed by the 11-ft. overflow, even without the accessory 
factors of municipal neglect and of that fatal hole be- 
neath the downstream toe which was discovered by the 
historic observer armed with a fish-pole. Indeed, as we 
read of the parallel current which cut with destructive 
force along the toe of the doomed structure, we wonder 
not at all that it failed but only that it stood so long. 

Lest the foregoing be assailed on the ground that this 
dam failed by sliding and not by overturning, the writer 
wishes here to emphasize his view that a dam may fail 
essentially by overturning and yet be found upright after 
failure. For it is in the initial fracture of the base-bond. 
in the formation of the relatively small openings which 
instantly permit the simultaneous action of hydraulic up- 
lift and of hydraulic lubrication, that the writer believes 
the genesis of most dam failures to lie. 

This view should also be borne in mind in the consid- 
eration of the section dealing with uplift. 


ABORTIVE ANALYSES FOR Ice Turust, Beartna Power 
AND UPLIFT 


Ick Turust—With regard to ice thrust it may be well 
to note that most authorities pass over it as something 
indeterminate. Ice thrust is merely stated to be a fac- 
tor well worthy the attention of the designer, and the 
latter, though carefully coached and cozened in other 
lines, is here turned adrift and left to the by-no-means- 
tender mercy of the falling thermometer.* 


a ee 





rié.3 == 


However, there is at least one classic instance in which 
ice thrust seems to have actually been figured and ana- 
lyzed. This was in the instance—also classic—of the 





*Perhaps Mr. Moore has overlooked the 80 pages on “Pro- 
vision for Uplift and Ice Pressure in Designing Masonry 
Dams,” by the late C. L. Harrison, and 20 other engineers in 
Trans. Am. Soc. C. 'B., Vol. LXXV, pp. 143-225. 1912.—Ed. 


**By no means. Here again the point and protest is that 
s0 much of value is allowed to lie buried in the records of the 
various technical societies. For if dams were designed only 
by experienced engineers, and by them only after exhaustive 
research, the roll of disasters would be far shorter than it is 
in fact.—Author. 
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design of the Quaker Bridge Dam (see report of The 
Board of Experts, Wegmann, p. 158). Here we find the 
somewhat mouth-filling quantity of a stress of “43,000 
lb. per lin.ft. at the highest ice line.” How the eminent 
gentlemen who contributed this lone bit of wisdom ar- 
rived at the figure of 43,000 lb. is a mystery indeed. 
Possibly their mental attitude was that of the sports- 
man who, having sworn to ninety-nine dead quail to one 
shot, disdained to “risk his veracity for one more bird.” 
This at least would explain why a figure of 45,000 lb. or 
even 50,000 Ib. was not submitted as being amply pro- 
vided against, for the truth of the matter is that one is 
as sensible as the other, and neither seriously menaces the 
“safety factor of two.” For, even considering a force of 
50,000 Ib. per lin.ft., and this applied at the crest of a 
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section 258 ft. high, the overturning moment due to ice 
thrust would be only one-fourteenth of the overturning 
moment due to the water pressure for water-level at crest. 
For, the moment of ice thrust would be 

Mj = 50,000 & 258 = 12,900,000 ft.-lb. 
while the moment of hydraulic force would be 


62.5 : 
Mw = —” X 2588 = 178,900,000 f#.-Id. 
) 
The above computation, even though it adds nothing to 
justify any particular limiting stress, certainly is of value 
in shewing the relation between the stress assumed and 
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the moment of hydraulic force. And this relati: 
found in the textbooks which have so far con, 
writer’s attention. 

Before leaving this subject it may be well to p. 
that the dangers of ice thrust are by no means 
even in still ponds or lakes. For, if the ice-sheet 
spreads apart and freezes again, indeterminate {i 
enormous value may result; and it is quite possi! 
under such conditions the destructive force impose. 

a dam may be limited only by the ultimate com) 
resistance of the ice itself. 

Beartne Powrer—The standard presentation 
subject of the bearing power of dam foundati: 
another method which seems to seek less to teach t! 
mislead. Stripped to its essentials, the bearing | 
of the foundation rock is presented as being only req 
to sustain a column of rock or other dam material, . 
in height to the maximum height of the finished 
Thus presented the subject seems satisfactorily siny)le, 
but any one who has studied the problems of dam fai\\re 
knows that dams do not fail by any such simple dircet 
compression. And the efforts to justify this line of 
reasoning have resulted in one of the most striking «))- 
surdities of present practice in dam design, viz., the 
specification of a compressive stress which gives a safety- 
factor of 10 to 100 for a structure whose safety-factor 
against overturning is only slightly more than 2. 

As a matter of fact, a better method of treatment 
would be to follow the variation of base pressure as shown 
in Fig. 4, which gives the progressive increase of this 
unit up to the value of infinity, reached at the limiting 
value of overflow-head discussed previdusly in this arti- 
cle. 

Turning now to the curve itself (which, to be thor- 
oughly understood, needs to be considered in connection 
with the curves for effective base length, total base re- 
action and hydraulic moment-arm as shown in Figs. 5 
and 6), we find that the unit-pressure at the toe varics 
slowly and steadily from the condition of reservoir empty 
to the condition of water-level at dam crest. For thie 
latter condition, the force resultant just cuts the down- 
stream edge of the middle third, and the safety factor is 
exactly 2. As the water-level rises above the crest eleva- 
tion, the point of application of the resultant moves 
downstream of the middle third, causing the effective 
base length to decrease rapidly, with a resultant rapid 
increase in the intensity of unit-stress at the downstream 
toe. The latter rises sharply to infinity as the overflow- 
head rises to the limiting or failure-level previously dis- 
cussed; and under these conditions crushing and de- 
struction must inevitably occur regardless of the strength 
of the dam material or foundation composition. 

Since the above curve is actually a graphic exposition 
of the manner in which the compressive stress rises to 
destructive proportions, it seems rather farcical to as- 
sume empirical limiting “Maximum Pressures” such as 
14.65 or 15.16 tons per sq.ft. (Wegmann, 6th ed., p. 40). 
Especially is this true since the ultimate compressive 
strength of stone varies from 140 to 1400 tons per sq.ft., 
and even ordinarily good concrete should show an ulti- 
mate of 140 tons per sq.ft. 

Viewed from some angles, the subject of bearing power 
or foundation-strength analysis seems open to at least cer- 
tain slight improvements. 

3. Uprirtr—The analyses for uplift as customarily pre- 
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-) leave much to be desired. Indeed there. seems 
nd for a suspicion that they have been developed by 
iubious method of working backward from a known 
ver. Or if this charge is groundless, what defense 
be advanced for the most common assumption, 
uely: that the uplift varies from a maximum at the 
to zero at the toe, and further that this maximum 
- be taken as two-thirds of the unit-pressure due to 

- full hydraulic head (see Morrison and Brodie, “High 

(asonry Dam Design,” p. 15)? 

oth parts of this assumption are vulnerable to attack. 

< far as the uniform variation from a maximum to zero, 
‘ie origin of the assumption is easily seen to lie in the 
treatment of groundwaters, and especially in the laws of 
flow through a porous material of uniform composition. 
For earth dams, the method is undoubtedly defensible. 
But for rock foundations, it can be nothing more than 
an empirical assumption, based upon neither theory nor 
experiment, but really only a first halting step toward the 
vigorous treatment that must finally be pursued. 

‘Having once admitted that the design must allow for 
the pressures which inevitably follow the entrance of 
water beneath the base of a dam, it is difficult to defend 
an assumption of decrease to zero at the toe, and es- 
pecially difficult to accept the idea that the maximum in- 
tensity shall be only two-thirds of the amount known to 
be most probable. 

This is especially true since we have had sinister light 
on the lesson that uplift is most to be expected in a 
seamy or stratified material. And under these conditions, 
not only is it most probable that the maximum intensity 
will be the full amount due to total hydraulic head, but 
also it is entirely possible that, by reason of a closed exit 
to the assumed under-dam crevice, this full amount will 
continue undiminished from heel to toe of the section. 

These conditions may be stated as follows: We must as- 
sume either (1) uplift due to full head at heel varying 
uniformly to zero at the toe, or (2) uplift due to full 
head acting undiminished from heel to toe. 

This latter especially is, as the eminent Sir Raleigh 
once remarked, “sharp medicine indeed, but sure cure 
for all diseases” likely to result from uplift. 

The application of the two assumptions to the funda- 
mental! dam triangle is discussed below : 


A. UNIFORMLY VARYING UPLIFT 


Assume a triangular dam designed, disregarding uplift 
pressure on base, having base b; height h, and weight of one 
foot section W. The resisting moment is § Wb. To find the 
new base, X, for which the resultant resisting moment, found 
by deducting uplift moment from weight moment, equals the 
original moment as above found. 

The required relation is given by the equation: 


a W, X — 4 62.5 hX? = § Wb 


in which the second term is the moment of the uplift, and up- 
lift pressure is assumed to vary from that due to the full 
head h at the upstream toe, to zero at the downstream toe. 

Now, as both the original and the modified sections are 
triangular, and of the same height h, their weights are in the 
same ratio as their base lengths, or 


x 
Wx = — W 
b 


Also, for dam material of specific gravity 2% (about 156 Ib. 
per cu.ft.) the weight of the original section is 
W = %& bh X 2% X 62.5. 
Substituting these values in the above equation gives the 
result 
X= y §b=1.291b 


B. FULL UNIFORM UPLIFT 
Assume dam designed, disregarding uplift pressure on 
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base, having base b; height h, and weight of one foot sec- 
tion W. The resisting moment is then § Wb. To find the 
new base X, for which the resultant resisting moment, found 
by deducting uplift moment from weight moment, equals the 
original moment as above found. 
The required relation is given by the equation 
§§ Wx X — & 625 hxX* @ Wh. 

in which the second term represents the moment of uplif* 
due to full hydrostatic head acting over the entire bas« As 
in the preceding case, we have 


Wx 


and 
Ww % bh xX 


Substituting these gives 
X= Y/Y $b = 1.583b 


This means that if the original base was 100 ft.. the new 
base X is 158.3 ft. 


[f it be doubted that the foregoing analyses, and the 
sections resulting from them, are an index of the coming 
standards of gravity-dam design, an inspection of all 
recent sections of high-gravity dams will reveal the slow 
change to more and more ample sections. And, further- 
more, the writer believes that at least one German de- 
signer has already put forward a section which satisfies 
the requirements of the first and less drastic of the treat- 
ments just given. Finally, he who reads may reckon that 


there is food for thought in the serious consideration 
given to types of dams which are as far removed as pos- 
sible from dependence upon simple gravity. 


PROFESSIONAL ATTITUDE TOWARD THE ARCH AND Sim- 
ILAR DeEsiGNs 


Just why the discussions in our scientific societies and 
journals should contain so much faint praise, or eager 
condemnation, of the arch type of dam, is probably more 
of a question for an accountant or a philosophic pessi- 
mist than for an engineer. 

The fact is noted ENGINEERING News, Vol. 64, p. 
447, “No failure of any such dam has ever been re- 
corded”!!! No arch dam of any size, shape or parent- 
age has ever failed! Surely this should be sufficient and 
final. 

And yet, turning to p. 419 of Wegmann’s sixth edition, 
we find once again that “Mr. Wade is of the opinion, 
which we share, that gravity dams should be built straight 
in plan, as the employment of a curved plan does not 
give sufficient advantage to warrant the increase in the 
volume of the masonry which it involves, The use of 
curved dams, designed as those demonstrated above is 
therefore restricted to comparatively narrow valleys.” 

And this in the name of engineering science! 


Finat Worp 


Tt is time for change—yes, long past time for us to 
face squarely and openly certain inherent weaknesses of 
design, weaknesses long known to exist by those in the 
profession, but seldom or never honestly admitted to the 
public. 

Either in the name of progress, or else in the shame 
of recurrent failure, let us fling away childish things and 
sturdily press forward to the goal of The Dams That 
Do Not Fail. 


# 


-Anthracite Coal Shipments in the first seven months of 
1913 were 40,339,706 tons, against 40,113,648 tons in the record 
year of 1911. The total production for the latter year was 
ubout 70,000,000 tons. 
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Precise Leveling in New York City’ 


By Freperick W. Koopt+ 


SYNOPSIS—The five boroughs comprising New York 
City and different engineering departments and bureaus 
in each of the boroughs have long used benchmarks and 
datum planes of their own. This, of course, has resulted 
in some confusion, and an immense amount of office work 
in adjusting grades for engineering-construction work. 
The great advantage of having a really precise and com- 
prehensive level net was pointed out by the society The 
Municipal Engineers of the Cily of New York, and 
through its efforts an appropriation for the work was 
obtained. This paper gives in detail the organization 
and methods of the work, the method of computation, of 
reciprocal leveling for river crossings, and the whole pro- 
cedure in both field and office operations in more com- 


plete and useful form than, we believe, any such work has 
hitherto been described. 


% 


On September 23, 1908, a Committee on the Unification of 
Datum Planes consisting of seven engineers representing all 
boroughs, was appointed by the President of The Municipal 
Engineers of the City of New York. This Committee was to 
investigate the desirability of the establishment of a uniform 
system of benchmarks throughout New York City, and to 
recommend, if possible, the adoption of a suitable datum 
plane which could be used by all of the city departments. 

The urgent need of such action had become more and more 
evident to the city’s engineers, who had realized for a long 
time that there was a deplorable lack of reliable bench- 
marks, and that the establishment of a uniform system of 
standard benches that could be used in common by all de- 
partments was greatly to be desired. 

After a careful investigation and report by this Commit- 
tee, The Municipal Engineers of the City of New York 
adopted resolutions requesting the Board of Estimate and 
Apportionment to establish a system of benchmarks through- 
out the city, all referring to mean sea level at Sandy Hook; 
such benchmarks to be of permanent construction and so 
placed as to be convenient for use by all the Boroughs and 
Departments. It was further recommended that a list of 
such benchmarks be published after adoption. 

Cost of Work—On Feb. 19, 1909, the Board of Estimate and 
Apportionment adopted a resolution appropriating $10,000 for 
the running of precise levels and the establishment of 
benchmarks in connection with the topographical work of al 
boroughs, and on Mar. 2 this resolution was approved by the 
Board of Aldermen. During February, 1911, an additional 
$5000 to complete this work was voted, making a total ap- 
propriation of $15,000. 

From this sum were paid the salaries of the men em- 
ployed on the work, office rentals, cost of instruments, rail- 
road fares and incidentals; in fact, everything in connection 
with the work excepting the salary of the author who was 
Assistant Engineer in charge, which was paid by the Board 
of Es fgate and Apportionment. 

Pi & of Work—Briefly stated, the plan proposed was as 
follows: 

(1) To call on the United States Coast and Geodetic Sur- 
vey for a list of benchmarks in and around New York City, 
with their locations and elevations. These benches had all 
been adjusted, referred to mean sea level at Sandy Hook, and 
though few in number, were to form the basis of future 
leveling in New York City and vicinity. 

(2) To make a reconnaissance of each borough, and se- 
lect the level lines necessary to give a good level net in 
each: also, to locate suitable points for benchmarks along 
these lines and to establish others so that there would be 
at least one permanent benchmark to each mile of level line. 

(3) To call on the topographical bureaus and other engi- 
neering departments of the city for a list of benchmarks 
along the proposed level lines, with the datum planes to 
which they were referred and the history concerning the 
adoption of such planes, and to ascertain if possible what 





*Abstract of a paper read before The Municipal Engi- 
neers of the City of New York, May 28, 1913. 


tAssistant Engineer, Board of Estimate and Apportion- 
ment, New York City. 


other departments or organizations made a practice 
ferring their elevations to these datum planes. 

(4) To adopt the methods now in use by the Coast Su 
both in the field operations and in the reduction of the 
and office computations, in order to secure the best re« 
for the city and to attain a degree of precision in the |: 
ing at least equal to that attained by the Coast Surve, 
their precise leveling during recent years. 

Instruments}—An order was placed with the Bausc} 
Lomb Optical Co., of Rochester, N. Y., for two precise ley 
with tripods and three metric leveling rods with foot pla 
and pins, all of which were to be of the latest Coast Sur 
type* and to be made from specifications furnished by t 
instrument division of the Coast Survey. 

The rods ordered were the standard Coast Survey met 
rods. All differences of elevation are therefore in met: 
and the horizontal distances in kilometers. When Publis} 
in final form the elevations will also be given in feet. 

The metric system was found, as usual, to be most c 
venient and practical, and on account of its adoption by 1) 
national surveys of the United States and of European 
countries, we were able to use in our computations many of 
the tables and formulas devised by these surveys. 

Recovery of Old Coast Survey Benchmarks—During 15: 
"87 the United States Coast Survey established a series o/ 
benchmarks along a portion of the waterfront of New York 
City, referring their elevations to mean sea level as dete: 
mined by tidal observations made at Sandy Hook during 
1876-81. While awaiting the completion of the instrumenta! 
outfit, a search was begun to recover as many of these bench- 
marks as possible. Comparatively few were found however, 
the majority of them having been destroyed. 

Reconnaissance—A reconnaissance was then made ove: 
Brooklyn, Queens and Richmond Boroughs, level routes were 
selected and a level net planned for each. These level lines 
included all the Coast Survey benchmarks recovered and the 
benchmarks of the various city departments. about one to 
each mile. A reconnaissance of the boroughs of Manhattan 
and the Bronx was made during the following winter. 

Inspection of Instruments—In June, 1909, the precise 
levels, rods, etc., were delivered by the makers to the in- 
strument division of the Coast Survey for inspection, such 
inspection and approval being a condition of the contract. 
The instruments and rods were tested as to material and 
workmanship in the author’s presence, and the leveling 
rods were then sent to the United States Bureau of Stand- 
ards to have their absolute lengths determined. 

The instruments and rods were approved and passed by 
the Coast Survey, but the tripods, foot plates and foot pins 
were returned to the maker for alteration. The outfit was 
finally delivered complete in September, 1909. 

Field Party—aA ficld party was then organized, consisting 
of the Assistant Engineer in charge, who acted as observer, 
three rodmen, one of whom acted as recorder, and one man 
whose duty it was to shade the instrument from the sun 
with a large umbrella and to prepare benchmarks. This 
made a totab of five men in the party, while Coast Survey 
leveling parties consist of six men. 

The levels and rods were tested in the field and on Oct. 13, 
1909, the actual running of the level lines was commenced. 
Except during the winter months when little precise level- 
ing could be done, this work continued uninterruptedly until 
May 1, 1912, when the field party was disbanded. All of 
the fieldwork, covering each of the boroughs with primary 
level lines and connecting one with the other, was accom- 
plished with this one level party of five men, which very 
often was reduced to four. 


PRELIMINARY FIELD OPERATIONS 


The Determination of C—The Coast Survey type of pre- 
cise level being very simple in construction requires but 
one adjustment in the field and that adjustment should be 
examined daily. This is accomplished by a modification of 
the well known peg method and is called the “determination 
of C,” or the error of the level. 

The numerical value obtained for C gives a control of the 
non-parallelism of the axis of the bubble and the line of 
sight and enables proper corrections to be applied, when 


! 





+Further information on turning points used, type of tar- 
gets used for viver crossin and detailed description of 
other instruments will be published in a special report of the 
Board of Estimate and Apportionment. 

*Described in “Engineering News,” Mar. 23, 1911, p. 356; 
July 2, 1903, p. 2. 
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TABLE I. 
Sept. 28, 1911. Forward-Backward 
ae. Thread Sum of 
‘ Ss Tieng eae Mean intervals intervals 
; es 1807 14 
% 1821 1821.0 14 
1835 28 28 
ee 1448 14 
a 1462 1462.0 14 
1476 28 56 
+ 3283.0 
— 3283.4 
346) —0.4 C =—0.001 
EN®. NEWS 
Fic. 1. IntustTraATING METHOD oF TESTING PRECISE 


LEVEL 


necesary, to results obtained when the line of sight is in- 
clined to the vertical. 

It was considered a better policy on this work to test 
the instrument every morning and thus be sure of its adjust- 
ment, than to test it at the end of the day's leveling and 
find possibly that a correction would have to be applied to 
the day's work. The determination of C as actually made in 
the field is illustrated in Fig. 1 and Table I. 

The value of C is expressed as follows: 


C= (sum of near rod readings) — (sum of distant rod readings) 
(sum of distant rod intervals) — (sum of near :od intervals) 

The instrument is set up at H, as shown in the upper 
illustration, Fig. 1, about 9 m. from rod A and about 66.7 m. 
from rod C. These distances are not measured, but should 
be approximately as indicated. A reading is taken on rod 
A and is placed in the backsight column, the mean read- 
ing in this instance being 1821.0. A reading is next taken on 
rod C and is placed in the foresight column, the mean be- 
ing 0895.0. All three wires are read and recorded each time. 

The instrument is then moved to station H’ (lower figure), 
the rods remaining as before and the horizontal distances 
being about in the reverse order. A reading is taken on 
rod C and placed in the backsight column, the mean being 
1462.0. The two readings in the backsight column are called 
the “near rod readings.” A reading is then taken on rod A 
and placed in the foresight column, the mean being 2389.0. 
The two readings in the foresight column are called the 
“distant rod readings.” 

The sum of the distant rod readings is then taken and a 
correction of —0.6 mm. is applied for curvature and re- 
fraction, the two corrections for the two distant rods being 
combined. This corrected sum of the distant rod readings 
is then substracted from the sum of the near rod readings, 
giving in this case a residual of —0.4. This residual is di- 
vided by the sum of the distant rod intervals minus the sum 
of the near rod intervals, which in this case is 346, and a 
quotient of —0.001 is obtained, which is the value of C. The 
rod readings must be taken with the bubble in the middle of 
its tube. 

When C is less than 0.005 no adjustment of the instru- 
ment is necessary, and in fact it is not of much importance 
until C becomes equal to 0.01 or more. When the instrument 
must be adjusted, it is done by raising or lowering one end 
of the level vial and not by moving the reticule. 

Adjustment of the Level—The adjustment is made as fol- 
lows: Point to the distant rod with the bubble in the 
middle of its tube and read the three horizontal wires. Move 
the telescope so as to raise the middle wire by an amount 
equal to C times the rod interval. While holding the tele- 
scope in this position bring the bubble to the middle of the 
tube by raising or lowering one end of the level vial. If C 
is negative the middle hair must be lowered on the rod and 
if plus it must be raised. After adjusting the instrument, a 
new determination of C must be made. The cross-hairs must 
never be disturbed as these have been permanently adjusted 
Yor collimation by the instrument maker. 
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From B. M To B. M. 9:00 A.M. 
Wind: C. 

Rod Thread reading Thread Sum of 
and temp. foresight Mean intervals intervals 
0795 100 
0895 0895.0 100 

0995 200 200 
2288 101 
2389 2389.0 101 
2490 202 402 
3284.0 —56 
Correction for curv. and ref. —0.6 346 
3283.4 
A very high grade of workmanship was used in the 
construction of these instruments as is testified to by the 
constancy with which they retained their adjustment. Level 


No. 1, being used the most, was tested every day, but re- 
quired adjusting only about once in three weeks. Level No. 
2 was frequently used for months at a time and required ad- 
justing about once in three months, and at no time was the 
angle between the line of collimation and the tangent to the 
level vial at its middle point greater than 4”. 


GENERAL INSTRUCTIONS FOR PRECISE LEVELING* 


(1) Except when specific instructions are given to pro- 
ceed otherwise, all lines are to be leveled independently in 
both the forward and the backward direction. 


(2) The line of levels is to be broken up by bench- 
marks into sections from 1 to km. long, except where 
special conditions make shorter sections advisable. 


(3) All old benchmarks are to be called by their old 
names and are to be fully described by quoting the old de- 


eewe. if one is available, and by making additions to 


(4) It is desirable that the backward measurement on 
each section should be made under different atmospheric 
conditions from those which occurred on the forward meas- 
urement. It is especially desirable to make the backward 
measurement in the afternoon if the forward measurement 
was made in the forenoon, and vice versa. The observer is 
to secure as much difference of conditions between the for- 
ward and backward measurements as is possible without ma- 
terially delaying the work for that purpose. 

(3) On all sections upon which the forward and back- 


ward measures differ ~~ more than 4.0 mm. Y K (in which 
K is the distance leveled between adjacent benchmarks in 
kilometers), both the forward and backward measures are 
to be repeated until two such measures fall within the limit. 


(6) Whenever a blunder, such as a misreading of 1 dm. 
or of 1 m., or an interchange of sights (the backsight being 
recorded as a foresight) is discovered in any measure after 
its completion, and the necessary correction applied, such 
measure may be retained, provided there are at least two 
other measures over the same section which are not sub- 
ject to any such uncertainty. 


(7) The programme of observation at each station is to 
be as follows: Set up and level the instrument. Read the 
three lines of the diaphragm as seen projected against the 
front (or rear) rod, each reading being taken to the near- 
est millimeter (estimated), the level bubble being kept con- 
tinuously in the middle of the tube. As soon as possible 
thereafter read the three lines of the diaphragm, as seen 
projected against the rear (or front) rod, estimating to milli- 
meters as before, and keeping the bubble continuously in 
the middle of the tube. 


(8) At each rod station the rod thermometer is to be 
read t aay nearest centigrade degree and the temperature 
recorded. 


(9) At stations of odd numbers the backsight is to be 
taken before the foresight, and at even stations the fore- 
sight is to be taken before the backsight. 


(10) The maximum difference in length between a fore- 
sight and the corresponding backsight is to be 10 n. The 
actual differenge is to be made as small on each pair of 


sights as is feasible by the use of good judgment without 
any expenditure of time for this particular purpor 

(11) The recorder shall keep a record of the ro intervals 
subtended by the extreme lines of the diaphrag’ on each 
backsignt, together with their continuous sun between 
benchmarks. A similar record shall be kept for ime fore- 
sight. The two continuous sums shall be kept as nearly 


equal as is feasible, without the expenditure of extra time 
for that purpose, by setting the instrument beyond (or short 
of) the middle point between the back and front rods. The 
two continuous sums shall not be allowed to differ by more 
than a quantity coresponding to a distance of 20 m. 


(12) Once during each day of observation the error of 
the level should be determined in the regular course of the 
leveling and recorded in a separate opening of the record 
book, as follows: The ordinary observations at an instru- 
ment station being completed, transcribe the last foresight 
reading as part of the error determination, call up the back 
rodman and have the rod placed about 10 m. back of the in- 
strument; read the rod; move the instrument to a position 
about 10 m. behind the front rod: read the front rod, and 
then the back rod. The rod readings must be taken with 
the bubble in the middle of the tube. The required constant 
C is determined as previously explained. The total correc- 
tion for curvature and refraction must be applied to the 
sum of the distant rod readings before using it in this 
formula. The level should not be adjusted if C is less than 





*These instructions are in general practically identical 
with those prepared by John F. Hayford, for the precise level 
work of the United States Coast and Geodetic Survev: see 
Johnson’s “Theory and Practice of Surveying.” 17th Edition, 
p. 703. Additions and variations have been made by Mr. Koop 
to particularly adapt them to city work. 
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0.005. If C is between 0.005 and 0.010 the observer is advised 
not to adjust the level, but if C exceeds 0.010 the adjustment 
must be made. If a new adjustment of the level is made, C 
should at once be redetermined. It is desirable to have the 
determination of level error made under the ordinary condi- 
tions as to length of sight, character of ground, elevation of 
line of sight above ground, etc. The level must be adjusted 
by moving the level vial, not by moving the reticule. 

(13) Notes for future use in studying leveling errors 
shall be inserted in the record, indicating the time of be- 
ginning and ending of the work for each section, the weather 
conditions especially as to cloudiness and wind, and whether 
each section of the line is run toward or away from the sun; 
and such other notes as may be of value in studying errors. 

(14) The instrument shall be shaded from the direct rays 
of the sun, both during the observations and the movement 
from station to station. 

(15) The maximum length of sight shall be 150 m., and 
the maximum is to be attained only under the most favorabie 
circumstances. 

(16) At the beginning and end of the season and at least 
twice each month during the progress of the leveling, the 
three-meter interval between metallic plugs on the face of 
each level rod shall be measured carefully with a steel tape, 
which shall be continuously kept in the party throughout 
the season for that purpose. he rod temperature at the 
time of each of these measures must be recorded. The pur- 
pose of these measures is to detect changes in the length of 
the rods rather than to determine the absolute lengths. The 
absolute lengths are determined at the office between field 
seasons. At least once each month, during the progress of 
the leveling, the adjustment of the rod levels shall be tested 
and a statement inserted in the record showing the manner 
in which the test was made, whether the error was found 
to be without the limit stated below, and whether an adjust- 
ment was made. The test must determine the inclination of 
the rod to the vertical measured in the plane of sight from 
the instrument to the rod, as well as at right angles to that 
plane, when the bubble of the rod is held at the center. If 
the deviation from the vertical exceeds 10 mm. on a three- 
meter length of the rod, the rod level must be adjusted. 

Field Notes—Table II shows the form of record for the 
field notes. The first column contains the number of the 
stations, the second the reading of each horizontal wire for 
the backsight, the third the mean of the three readings, the 
fourth the stadia intervals, and the fifth the sum of the 
stadia intervals. The first column on the right-hand page 
contains the rod and temperature C° for each foresight, the 
second the reading of each horizontal wire for the fore- 
sight, the third the mean, the fourth the stadia interval, and 
the fifth the sum of the stadia intervals. 

The unit in the elevation record is the millimeter. The 
instrument stations are numbered consecutively from bench- 
mark to benchmark, this particular run being from B. M. 
No. 3 at 141 Broadway to B. M. No. 4 at the General Post 
Office. Such portions of the computation as are shown as 
forming a part of the record are kept up by the recorder as 


the work progresses. 
CORRECTIONS IN PRECISE LEVEL WORK 


Precise leveling differs from ordinary leveling not only in 
the type of instrument used and in the method of observa- 
tion, but also in the application of certain corrections to 
the field results. In no branch of surveying is a knowledge 
of the sources of errors and of the methods of eliminating the 
same more important. However, with the present type of 
instrument and the present method of taking the observa- 
tions, precise spirit leveling has become a very simple matter 
and the corrections applied are few, but very important, The 
largest and most important corrections applied to the field 
results are the rod length and rod temperature correc- 
tions. 


TABLE Il. 
Forward—Beekward- 


Thread reading Thread 
backsight Mean intervals 
1124 66 
1190 1190.3 67 
1257 133 133 


Date: Dee. 10, 1911 
Sun: C. 
No. of 


station 


Sum of 
intervals 


1 
B.M. 3 at 141 
Broadway 


2 1386 73 
1459 . 73 
1532 146 


1865 65 
1934 ‘ 64 
1994 129 
1902 53 


1955 ‘ 54 
2009 107 


1730 60 
1790 90. 60 
1850 120 


1833 28 
1861 ‘ 29 
1890 57 


1616 17 
1633 3 18 
1651 35 


FORM OF FIELD NOTES: 
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Rod Length Correction—The length correction 
amount the rod differs from the length which its graq 
indicate, and its application rectifies the results of ;, 
rod readings. In applying the length correction, th. 
length of the two rods at 0° C. is determined and the 
or deficiency per meter of length is applied to each 
various differences of elevation determined by the 
ing. 

The correction is equal to the difference of eleva: 
meters times the excess or deficiency per meter. It 
when the mean rod is too long at 0° C. and minus » 
is too short. Any other temperature may be used 
standard. The following illustration will make the | 
for this correction more clear, the principles being app! 
also to ordinary leveling. 

In Fig. 2 (small Fig. 1) the line of sight AB is ¢, 
3 m. above the foot of the rod D, and the absolute leny: 


FIG. 4 


ILLUSTRATING MetHuop or AppLyIna Rop avxp 
TEMPERATURE CorRECTIONS 


Fig. 2. 


the rod at.0° C. is 3.001 m. The rod being longer than its 
graduations indicate, the 3-m. mark is above the line ot 
sight and the actual reading is less than it should be. 

The difference of elevation is therefore in error by the 
amount that the rod is long, which in this case is 1 mm., or 
0.333 mm. per meter of difference of elevation; this is the 
length correction, and it will have the same sign as the 
measured difference of elevation. 

In Fig. 2 (small Fig. 2) the rod E is 1 mm. short at 0 
c., and the reading will therefore be too great by that 
amount. In this case, the length correction will have the 
opposite sign to the measured difference of elevation. 

If these particular rods were used together their mean 
length at 0° C. would be taken, which in this case is exactl) 
3.0 m. The length correction would then be zero. Usually, 
however, leveling rods are longer than their graduations in- 
dicate, and the length corrections are very often as much 
as +0.5 mm. per meter of difference of elevation. 

The length correction may vary from year to year on 
account of changes taking place in the rods. The experi- 
ence of the Coast Survey shows that paraffined rods increase 
slightly in length during the first season and preserve nearly 


NEW YORK CITY PRECISE LEVELS 
From B.M. : 3 To B.M.:4 


Wind: C. 
Rod and Thread reading Thread 
temp. foresight Mean intervals 
1984 63 
2047 2047.0 63 
2110 126 126 


76 
76 


10 A.M. 
Sum of 
intervals 


278 


1690.3 


1562.0 


1298.0 


1671.3 


1461.7 
11135.3 
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onstant length thereafter. This was also true of the Board 

Estimate rods. 

od Temperature Correction— The material of which the 

. rods are made has a coefficient of expansion of 0.000004 

- degree centigrade. For any other temperature than that 

which the rod is standard a correction must be applied to 

duce observed values to true values. The temperature cor- 
ction therefore depends upon the coefficient of linear ex- 
cnsion of the rods, the temperature at the time of obser- 
tion and the difference of elevation. 

Fig. 2 (small Fig. 3) illustrates this principle. Let us 
suppose that the rod F has an absolute length of exactly 

m. at 0° C., and that the line of sight is 3 m. above the 
cot of the rod as in Figs. 1 and 2 above. At 30° C. the 
od is 0.36 mm. longer, and the rod reading at that tempera- 
ture is therefore 0.36 mm. too short. The temperature cor- 
-ection is then 0.36 mm., and the sign of the correction will 
be the same as the sign of the measured difference of eleva- 
tion, unless the temperature is below 0° C. 

Where the leveling is done over a section which is prac- 
tically level the total correction for temperature of the 
rod is insignificant or even zero. Where the section changes 
much in elevation, however, the effect is a vertical base line 
measured in very short sections, and the rod lengths and co- 
efficients of expansion must be known just as the lengths 
and coefficients of the tape lines on horizontal base measure- 
ments are known. 

The temperature correction is computed from the follow- 
ing formula: 


Correction in millimeters = A E X T X 0.004. 


Where 4 E is the difference of elevation in meters and T 
is the temperature of the rod at the time of observation in 
degrees C. 

In this work the temperature correction for a single sec- 
tion was sometimes as much as 5.8 mm., or 0.019 ft. 

The Index Correction—In the index correction, we take ac- 
count of the fact that the zero of graduation and the foot of 
the rod are not exactly coincident. At times the index error 
is so small as to be practically zero, and is not applied ex- 
cept in the case where a reading is taken on a benchmark 
without the use of the rod. When the rods are in the field 
for a year or more the index error becomes appreciable on 
account of the wear on the bottom, and the correction must 
be entered for each section on the computation form. 

The effect of the correction varies with the different ways 
in which the rods are used. For example, if two rods A and 
B, having index errors of a and b, respectively (a being 
greater than b) were used and the level section started from 
A as a backsight and ended on B as a foresight, the correc- 
tion for this section would be (a—b). 

As a and b are always negative they would have the 
effect, in this case, of decreasing the difference of elevation 
if the readings on rod A were the greater and increasing it 
if the readings on rod B were the greater. If the level sec- 
tion started from B as a backsight and ended on A as a 
foresight, the correction would have the opposite effect. This 
can be seen from a study ef Fig. 2 (small Fig. 4). 

If the index correction for both rods is the same there 
is no correction for the section. Also, if the number of in- 
strument stations be even and all readings are taken on 
the rods, there is no correction for the section. If the num- 
ber of instrument stations be odd, only the last station need 
be considered and the amount of the index correction is the 
difference of the index errors of the two rods. If only one 
rod be used as in ordinary leveling, there is no index cor- 
rection. 

The average wear per year on the bottom of the leveling 
rods was 0.3 mm. This wear was detected by measuring the 
first decimeter of each rod by means of a finely graduated 
caliper square. As the first decimeter graduation is marked 
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by the fine lines on the silver plug inserted in the face of 
the rod, this measurement could be mmde very accurately 
and was repeated every two weeks. 


COMPUTATION OF PRECISE LEVELS 


Table Ill shows the form on which the computations are 
made. The computation is discontinuous, showing results 
from different sections to illustrate the method of applying 
the corrections. The forward line from B. M. 3 to B. M. 4 
on this form is that for which the record is given in Tabk 
TI. 

The fourth column on the left (Table III) contains the 
sum of the rod intervals or stadia distances between bench- 
marks. The fifth column contains the distances between the 
benchmarks in kilometers and is derived from the fourth 
column by knowing that an interval of 300 mm. subtended 
on the rod corresponds to 100 m. alome the line, regardless of 
the lengths of the separate sights. The sixth column con- 
tains the difference between the backsight and foresight in- 
tervals for each line, and in the case of the first line shows 
the foresight distance to be 2 m. longer than the backsight 
distance. 

The corrections for curvature and refraction shown in the 
second columns on the right-hand side are those due to the 
slight differences of corresponding foresights and backsights, 
no correction being necessary when the corresponding sights 
are exactly equal. 

In applying the curvature and refraction correction to 
the level results, only the difference of rod intervals of the 
individual setups is considered, not the difference of rod in- 
tervals of the entire section. The correction is usually in- 
appreciable and seldom exceeds 0.1 mm. under actual con- 
ditions. 

It is important to note that this is in the main a cor- 
rection for curvature, a quantity which is not uncertain, the 
uncertain refraction correction being on an average about 
one-eighth as great as that for curvature. Curvature and 
refraction errors exist in every line of sight, but are elimi- 
nated if the foresight and backsight distances are kept 
equal. 

The level correction shown in the third column on the 
right is equal to the constant C (previously defined) times 
the value in the sixth column of the left. Its sign is fixed 
by the signs of the two factors. In the forward line from 
B. M. G. to B. M. W. the value of C was +0.007 and gave a 
correction for the level of 0.2 mm. This correction will very 
seldom exceed 0.3 mm. under actual conditions. 

The fourth column on the right gives the correction due 
to the excess of length of the rods at 0° C. For the first 
five completed lines the rods A and C were used, their mean 
length being 0.133 mm. too long on each meter. It will be 
seen from an inspection of the corrections in this column 
that the amount of the correction will vary with the meas- 
ured difference of elevation, provided the correction per 
meter is the same for all rods. 

In the line from B. M. 41 to B. M. 42 the difference of 
elevation was over 34 m., and as the mean length of the rods 
at 0° C. was 0.133 millimeter too long on each meter, the 
length correction for that section is 4.6 mm. or 0.015 ft. This 
is no inconsiderable correction in precise leveling. Again, in 
the line from B. M. G. to B. M. W., the difference of eleva- 
tion was over 57 m. and there is no length correction: that is 
because the mean length of the rods used on that particular 
section is exactly 3 m. at 0° C. 

The next column gives the correction due to the expan- 
sion of the rods from 0° C. to the temperature of observa- 
tion, computed with the known coefficient of expansion of 
the rods, namely, 0.000004 per degree centigrade. Here also. 
we see that the amount of the correction varies with the 
measured difference of elevation, the greatest correction be- 


TABLE III. FORM OF COMPUTATION OF PRECISE LEVELS 


Line: So. Ferry to Harlem Ship Canal Manhattan Borough 


zs Tr ° oe 
gt, § #y oes 
2 ot c EW Mean rod readings <- & E 
: 2 GE — =| “= §?| 3 
a Dn 3 g =. ee i “8 
5 3 gs Bn BS go) 4 
6 @ q = =B =F < Sz) § 
. = | 
B. M's g& % mm. mm. m. m. m. “= |mm. m 
1-2 . F. 12 2518 0.856 — 6 18.4590 15.4062+ 3.0528 17 0.0 0. 
B. 13 2618 —14 17.2293 20.2824— 3.0531 15 || 0.0 0 
2-3 . F. 14 2008 0.714 — 5 23.8577 17.7506+ 6.1071 11 | 0.0 0 
B. 14 2186 + 4 17.7193 23.8261— 6.1068 13 || 0.0 0 
3-4 F. 7 1440 0.478 + 14 11.8189 11.1353 + 0.6836 9 1 0.0 0. 
B. 7 1427 + 7 11.1766 11.8589— 0.6823 14 | 0.0 0. 
} 
G-W... FP. 57 9649 3.179 +31 63.9932 121.8646 — 57.8714 21 | 0.0 0. 
B. 55 9427 + 15 117.0606 59.1900 + 57.8706 25 || 0.0—O. 


C. and R. 


™So 20 ©O SOB 


New York City, N. Y. Observer: F.W. Koop Year—1911 
Corrections s 
Bs Ber ae 
Ss Difference ofelevation —& ~ 
s : = S 
— - a > ys r* 
> ¢ 2 6 a¢ 7 zy 
pe & Eachline Mean B-—F ERS &§ 
nm. mm. mm. m. m. mm & g =& Date and hour 
0.0 +0.4 +0.2 + 3.0534 + 3.0535 +0.3 I 5. ML. 9/28-1: 30 
0.0 —0.4 —0.2 —3.0537 a ee 2:45 
0.0 +0.8 +0.3 + 6.1082 + 6.1080 —0.3 Go 12/10-8 : 30 
0.0 —0.8 —0.3 — 6.1079 Cc. ¢ 12:00 
0.0 +90.1 0.0 + 0.6837 + 0.6830 —1.3 Cc C. 12/10-9 : 30 
0.0 —0.1 0.0 — 0.6824 a « ©, 11:30 
+0.2 0.0 —4.6— 57.8758 — 57.8761 —0.6L. S.4C.C. 6/13-10: 45 
+0.1 0.0 + 5.8 + 57.8764 TL 8.4C. MR.6/14-11 : 30 
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TABLE IV. FORM SHOWING ABSTRACT OF SPIRIT-LEVEL RESULTS 


Instrument: Level No. 1. Rods: 
Dis- Difference of elevation 
ward 


” in km. 


A. & C. Observer: F. W. Koop Computers: 


No.of Dis- Adjusted Elevation above 


tance Forward sate Mean Partial Total B.M. tance difference of mean sea level 


m. 


0.947 
1-2 0.856 
2-3 0.714 
3-4 0.478 
4-5 0.136 


ing +5.8 mm. or 0.019 ft. for the backward run of the line 
from B. M. G. to B. M. W. 

The sum of the quantities in the fourth and fifth col- 
umns in any line gives the correction due to the excess of 
length of the rods at the temperature of observation. 

The sixth column gives the result for each line after the 
corrections have been applied, and the seventh column the 
mean difference of elevation for each completed line. The 
next column gives the divergence between the backward and 
forward lines for each section. 

The last four columns on this form are for use whenever 
special studies are to be made to determine if possible the 
sources of the principal errors of leveling. It should be 
noted that the times of the backward and forward runnings 
of any section, as indicated in the last column, have no fixed 
relation to each other. The two runnings are sometimes 
made on the same day, sometimes on different days. 

Table IV shows the abstract of results which is the 
form actually used in collecting the results of the computa- 
tion form shown in Table III. While the computation is dis- 
continuous, showing results from different sections, the ab- 
stract is continuous, and is the form in which the final re- 
sults appear. 

The most interesting columns on the left are those show- 
ing the discrepancies. In the seventh column the discrepancy 
between the backward and forward running of each sec- 
tion is shown, and from these quantities the probable error 
for any section of the level line may be computed. In the 
next column the total accumulated discrepancy from the 
beginning of the line, which in this case is the Coast Survey 
tide staff at Fort Hamilton, is shown. 

At the head of the column it is seen that the sum of the 
discrepancies from Fort Hamilton to Governors Island is 
—0.4 mm. for a distance of more than 14 km., or at the rate 
of —0.029 mm. per km. At the bottom of the form the com- 
puted rate of accumulation of discrepancy between the for- 
ward and backward lines was —1.9 mm. on 30 km. or only 
—0.06 mm. per km. This is a remarkably small error and 
proves conclusively that there is no systematic error in the 
leveling. 

The third column on the right gives the adjusted differ- 
ence of elevation for any section, from which the eleva- 
tions are at once derived. This column is not shown on the 
Coast Survey form of abstract, but it fits in very well and 
keeps all the figures before the computer. An examination of 
the quanities showed that the largest correction applied 
in order to close the several circuits of which this line forms 
a part, was at the rate of 0.038 mm. per km. or at the rate of 
0.0002 ft. per mile. This correction being so small, it was at 
once disposed of by adding 0.1 mm. to a few of the longer 
lines. 

The fourth and fifth columns contain the resulting ele- 
vations in meters and in feet respectively. The last column 
is for brief descriptions of the benchmarks, a few of which 
are shown. 


RIVER CROSSINGS 


All river crossings exceeding 500 ft. in width were made 
by the simultaneous reciprocal method with uniformly good 
results. There were ten river crossings all told, eight of 
them ranging in width from 790 ft. at Elizabethport, on the 
Kill Van Kull, to 4400 ft. at the Narrows. The two remain- 
ing crossings were those at Newton Creek and at the Harlem 
River; these streams being less than 500 feet in width at the 
points crossed, were leveled over directly with one instru- 
ment, repeating the operation several times at each side. In 
such cases the individual results for difference of elevation 
between the benchmarks located on opposite shores were 
well within the limit of error. 

Before any river crossing was made each level was tested 
and put in very nearly perfect adjustment by means of the 
method previously described for the determination of: <. 

Fleldwork—Two levels and two rods were used, one of 
the levels being set up on each side of the river about 20 ft. 
distant from the B M. or T. P. A rod reading was then 
taken by each observer on the B. M. or T. P. nearest his in- 
strument; then, at a given signal the observations were com- 


accumu- from B. elevation 
lated M. No.8 
5 US. m. 

14.278 7 

15.225 — 7 

16.081 +3. ; 7 
16.795 +6. ; 37 
+0. ; 

+ 1. 


ft. 
nm #8 


oO 
Govern 


il at 
and 


17.273 39.339 
17.409 44.740 Center “ 


B.W. cor. ty Hal 
menced and the targets were set or each of the dist 
at nearly the same instant, and the readings record. 
multaneous observations were therefore made in 
directions by each observer. 

This operation was repeated as a rule ten times, 
ing about five minutes between each reading so as to 
of a change in the atmospheric conditions. The near ; 
read only at the beginning and at the end of the pr 
of observation. The observers then exchanged station each 
man taking his instrument with him; the near rods were 
again read, and at a prearranged signal the observatiois on 
the distant rods were repeated in the opposite directiv) ex- 
actly as before. The arithmetical mean of each set of 
ings was taken as the final result. 

When employing this method, it is very essential that 
both the instruments used should be very nearly alike in the 
magnifying power of their telescopes and in the sensitive- 
ness of their spirit levels. On work of this kind the very 
sensitive bubble in the level vial of the geodetic level re- 
veals the true qualities of the instrument, and exceptionally 
close readings can be made. It is also essential that the two 
targets be set as nearly simultaneously as possible in order 
that the same atmospheric conditions may affect both sichts. 

Record Forms—Table V and Fig. 3 illustrate a simul- 
taneous reciprocal level crossing of the East River from 
Astoria to East River Park, and show better than can be 
described the methods employed and the reasons therefore. 
The lines of sight as shown in the illustration are, of course, 
exaggerated somewhat. 

The heavy curved line is a line of true level, being paral- 
le] to the surface of still water and therefore at all points 
equidistant from the center of the earth. If the lines of 
sight through each instrument were lines of true level, they 
would take the position of the broken lines in the illustra- 
tion; not being lines of true level they are shown by the 
use of full lines as they really are, normal to the radius of 
the earth through the center of each instrument. In this 
case, we desire to obtain the difference of elevation be- 
tween B. M. 149B and B. M. 149C, the distance between the 
B. M.’s. being 566 m. or nearly 1937 ft. 

When making the river crossing, it is best to consider the 
observations made from both sides of the river as being 
made in the forward direction as indicated by the arrow; that 
is, to consider the elevation in both cases as being car- 
ried from B. M. 149B to B. M. 149C so as to give two forward 
runs, instead of one forward and one backward run as in or- 
dinary leveling. This simplifies the computation, gives a 
better understanding of the work and causes less confusion 
in the signs. 

On this crossing level No. 1 is set up near B. M. 149C, and 
level No. 2 is set up near B. M. 149B as shown in the illus- 
tratiog. A backsight is taken on B. M. 149 B with level No. 
2, and then a foresight is taken 6n B. M. 149C with the 
same instrument. 

The resulting difference of elevation between the two 
B. M.’s being uncorrected for curvature and refraction will 
be in error by the amount ab, which is the amount of the 
correction necessary to bring the line of sight down to the 
line of true level. In other words, the elevation of B. M. 149C 
as derived from B. M. 149B with level No. 2 will be too low by 
the amount ab. For the same reason, the difference of eleva- 
tion between B. M. 149B and B. M. 149C as derived from ob- 
servations with level No. 1 on the west side of the river, 
will be in error by the amount a’b’, which is the sum of 
the curvature and refraction corrections for the line of sight 
through level No. 1, and the elevation of B. M. 149C will be 
too high by the amount a’b’. 

As the observations taken with both instruments were 
simultaneous, the same atmospheric conditions affect both 
lines of sight, and ab = a’b’, and the actual difference of 
elevation is the mean of the two determinations. The oper- 
ation is therefore a very simple one, and the reduction is 
similar to the application of a constant quantity to both 
backsight and foresight, which does not affect the true dif- 
ference of elevation. 

After a set of ten readings has been taken with each in- 
strument at each station, the mean of the last two deter- 
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TABLE V. COMPUTATION OF RECIPROCAL LEVELS ON RIVER CROSSINGS 


Astoria to East River Park New York City, N. Y. 


3. M’s Position of instrument 
sob_149¢ Level No. 2, on B/S river... 
1 49b-149e Level No. 2, on W /S river... 


1 0b-149e Level No. 1, on W/S river... 
i ‘ob 149¢ Level No. 1, on E/S river.... 


149b-149e Level No. 2, on W /S river... 
149b-149¢ Level No. 2, on E/S river... . 


149b-149e Level No. 1, on E/S river.... 
149b-149e Level No. 1, on /8 river... 


a IR 


ENG. NEWS 
Fie. 3. DraGRAM OF RecrprocAL LEVELING ACROSS 
RIVER 


minations of the difference of elevation is combined with the 
mean of the first two determinations, and the final mean is 
the accepted difference of elevation between the two bench- 
marks. 

Precision of Observations—In order to obtain a measure 
of the precision of the observations, each rod reading is sub- 
tracted from the mean of its set and the algebraic differ- 
ences are recorded. These differences are the residuals from 
the mean and are called the residual errors. The algebraic 
sum of the residuals must always equal zero. 

An inspection of the residuals will show how much each 
reading differs from the mean, and these differences must 
be limited. On river crossings from 600 to 800 m. in width, 
any reading differing more than 1 cm. from the mean would 
be rejected. From the sum of the squares of the residuals we 
obtain the probable error of a single observation and also 
the probable error of the mean. 

When the difference of elevation between the two bench- 
marks on opposite sides of a river is very small, it is es- 
pecially necessary to be careful of the signs; for, even though 
both crossings are assumed to be made in the forward di- 
rection, one of the values may be plus and the other minus. 
In such a case, the true difference of elevation is the alge- 
braic sum of the two differences of elevation divided by two. 
No separate abstract of results is necessary for this work, 
these being incorporated in the usual abstract covering that 
territory. 

Conclusions on the Accuracy of Reciprocal Leveling—The 
best time of day for reciprocal leveling is between 10 a.m. 
and 3 p.m., as between these hours the vertical refraction is 


‘ less variable than at other times of the day. On a wide 


crossing, observations should be taken on at least two days 
so as to average up the atmospheric conditions. The higher 
the line of sight above the water, the more accurate the re- 
sults are apt to be. 

It has been frequently stated that a river crossing with 
sights 1 km. long or longer would be much weaker than the 
remainder of a precise level line, even if the best of targets 
were used and reciprocal simultaneous sights were taken. 
It can be here positively stated, however, that the results of 
river crossings made on different days by the method above 
described do not as a rule vary beyond the limit of error 
fixed for land leveling, and that wherever these crossings 
form part of level circuits large or small that portion of the 
circuit has proven to be as strong as the remainder. In fact, 
some of the best circuit closures are those representing both 
large and small circuits containing one or more river cross- 
ings. 

A number of engineers have expressed the opinion that 
river crossings would be more accurate if the method of 
trigonometric leveling were employed. In no case can this 
work attain a degree of precision comparable with that done 
by spirit leveling. The Coast Survey has done a large amount 
of trigonometric leveling in connection with its triangulation 
work, and in order to prevent an accumulation of errors in 
the elevations thus determined, connection is made at various 
points with precise level benchmarks, and the trigonometric 
leveling is adjusted to fit the precise leveling between these 
points. Vertical angles for determining differences of ele- 
vation are usuall). very small and a large prebable error may 
oceur.in a computed elevation, even when the probable error 
of the vertical angle is not large. 


Mean Corrections 


te’ 


mp. 
a” |Index c 


Observers: F.W.K.—J. 8. 
Difference of elevation 


Year—1911 


sang Temp. 
, 


of 


rods | corr. rod rod Each line Mean ; Date and 


mm. mm. mm. m. m. 
; 0.0 +0.1 0.0 + 0.8547 + 0.8827 
|; 0.0 +0.1 0.0 +0.9108 


Wind hour 
Cc. 12/20-10 
Cc 2 


i +0.1 0.0 + 0.9260 + 0.8820 4 C. 12/20-10: 
+0.1 0.0 + 0.8381 a3 
Mean for both levels = + 0.8824 
+0.1 0.0 + 0.9033 + 0.8867 : >A 12/21-1 : 
+0.1 0.0 + 0.8701 3: 


+0.1 0.0 + 0.8681 + 0.8860 _ ; 12/21-1 : 
+0.1 0.0 + 0.9039 , Cc 3: 
Mean for both levels = + 0.8863 
Final difference of elev. + 0.8843 


THE NEW YORK CITY LEVEL NET 


Fig. 4 shows the Board of Estimate precise level net. 
This system extends from Perth Amboy, N. J., to Dobbs 
Ferry, N. Y., encircling and traversing each of the boroughs 
en route, as shown by the full heavy lines on the map 
(Fig. 4). 

Datum Plane—In 1881 the U. S. Coast Survey transconti- 
nental line of spirit levels was commenced at the Sandy Hook 
tide-gage and continued westward. The elevations of this 
line were based upon continuous tidal observations made 
with a self-registering tide gage during the six years 1876- 


U.S.C. & 6.S. Level Lines of J887 ----- 0. 
avon » "Triangulation Stations-- » 

aun an 2» Bench Marks 

B. of E.& A. Level Lines 

Position of Tide Gage 


Fic. 4. Map or Greater NEw York, SHOWING PRECISE 
LeveL Net 


1881 inclusive. The probable error of the mean sea level de- 
termination resulting from these tidal observations is +9.1 
mm. 

In 1886-87, the Coast Survey ran a precise level line from 
Sandy Hook, N. J., to Dobbs Ferry, N. Y., and the elevations 
along this line were based upon the same tidal observations 
at Sandy Hook as were used in connection with the trans- 
continental line. The Coast Survey precise level line of 1886- 
87, from Sandy Hook to Perth Amboy is shown as a dotted 
line on the map, and the few benchmarks that are left, from 
Perth Amboy to Dobbs Ferry, are shown as heavy stars. 

When the running of the precise level lines in New York 
City was commenced by the Board of Estimate it was decided 
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to determine whether or not the old benchmarks established 
by the Coast Survey in 1886-87 had changed in elevation. It 
was also decided to ascertain whether mean sea level at 
Sandy Hook was at the same elevation as mean sea level at 
Fort Hamilton, as determined by the long series of tide ob- 
servations taken there by the Coast Survey. 

While it had been intended in the beginning to base the 
elevations resulting from the Board of Estimate leveling 
upon the elevations of the existing Coast Survey benchmarks, 
a number of discrepancies were developed as a result of the 
first season’s leveling and it was then decided not to fix any 
elevations until all the old Coast Survey benchmarks had 
been connected and the results examined. 

The Board of Estimate system of precise level lines be- 
gins at a benchmark in Perth Amboy, N. J., the elevation of 
which. above mean sea level at Sandy Hook, had been es- 
tablished in 1887 by the Coast Survey. This benchmark had 
been connected with the transcontinental line of spirit levels 
and is also a benchmark of the State Geological Survey. 

Starting from this benchmark the level line crossed the 
Arthur Kill to Tottenville, and proceeding along the easterly 
side of Richmond Borough to Fort Wadsworth, crossed the 
Narrows to:Fort Hamilton and connected with the Coast 
Survey tide-staff. When the resulting difference of eleva- 
tion was applied to the benchmark at Perth Amboy, a dis- 
crepancy of 4.0 mm. was developed. As the probable error 
of the determination of mean sea level at Sandy Hook is 
#9.1 mm., the discrepancy of 4.0 mm. developed at Fort Ham- 
ilton tide staff is well within the probable error, and it can 
reasonably be assumed that mean sea level is the same at 
both places. 

Having reached this conclusion, the Board of Estimate 
level lines in the Borough of Richmond were adjusted to a 
datum between the initial benchmark at Perth Amboy and 
mean sea level at Fort Hamilton, as determined from 19 
years of continuous tide observations by the U. S. Coast 
Survey. 

The Precise Level Net—The large circuit in the Borough 
of Richmond embraces almost the entire borough and is di- 
vided into five smaller circuits, one of the dividing lines pass- 
ing through the highest land in the city. The largest cir- 
cuit has a perimeter of 67 km. or 42 miles and failed to close 
by 6 mm. or 0.02 ft. The peculiar loop in the westerly part 
of the borough may need some explanation. 

The reason for the loop is that the Fresh Kills lie just 
west of it and although Bridge Avenue runs across the Kills, 
it is a narrow road with a tar like pavement adorned only 
by telegraph poles and affords no sites whatever for perman- 
ent benchmarks. As a good route for the level line ran 
through New Springville and Richmond and the country was 
liberally supplied with sites for good benchmarks, the con- 
nection between Linoleumville and Fresh Kills was made by 
way of these villages. 

It will be seen from the map that the level lines extend 
easterly to Little Neck, Floral Park, Springfield, Cedarhurst, 
Far Rockaway, and Belle Harbor at Rockaway Beach. At 
Seaside, the level line connects with the Department of 
Docks and Ferries tide-gage in Jamaica Bay. On the north 
the level lines embrace the towns of Yonkers and Mount 
Vernen, passing through such country as afforded the best 
sites for permanent benchmarks. 

The small heavy triangles shown on the map indicate the 
Coast Survey triangulation stations for which elevations were 
established by the Board of Estimate leveling. The peculiar 
convention just west of Central Park indicates the position of 
a Coast Survey astronomic station in the grounds of the 
American Museum of Natural History. Its elevation was also 
determined. 

Benchmarks consist either of marks on buildings or 
xround monuments. The marks on buildings are generally 
of the set-bolt type. The monuments are stone or concrete 
with copper bolts.* 

Changed Elevations of Old Benchmarks—Many important 
and interesting facts were developed as a result of the 
Board of Estimate leveling. The most noteworthy of these 
is the fact that many of the Coast Survey benchmarks es- 
tablished in 1886-87 have apparently changed materially in 
elevation. These changes have occurred no doubt on account 
of the settlement of the buildings on which the benchmarks 
were placed, and not, in the opinion of the author, on ac- 
count of coastal subsidence. 

Instead of holding these historic benchmarks and thus 
vitiating the high precision of the Board of Estimate levcl- 
ing, new elevations were established for most of them. The 
amount that these benchmarks have settled and a study of 
these differences prove how unwise it would have been to 
hold the old elevations established by the Coast Survey. 





*The type of benchmarks used in this work was described 
by Mr. Koop in “Engineering News,” Sept. 21, 1911, p. 344. 
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Another important fact developed i 7, 
benchmark at the southwest corner a oon oy 
Hall is almost 3 in. lower than its old elevation adi 
When this benchmark was established in 1840 its ioe t 
was fixed at 24.413 ft. above the old monument * 
grounds of Bellevue Hospital. 

It may be argued that the monument has settled 
is disproved by the fact that the monument still m 
exact relation to the original line of benchm 
along 26th St. in 1880. The monument could not there 
have settled unless all of 26th St. has settled also ane 
the same amount. : 

When this difference in the elevation of the old City 
benchmark was made known in the early part of 1912, ma: 
of the older city engineers were severely shocked. T 
existence of this discrepancy, however, has since been eer 
by a number of the city departments. 

Several of the existing datum planes used by various « 
departments are affected, and it is more than likely that 
new datum plane chart based upon actual surveys will 
published in the report on the Board of Estimate leveli: 

Amount of Fieldwork—On this work 340 miles of dou! 
or completed level lines have been run, each line bei 
leveled over at least twice in opposite directions. The pe 
centage of level line run more than twice was 3. There wi 
1500 benchmarks touched on for which elevations will be « 
tablished, or about four to each mile of completed level li: 


at 
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COMPUTATIONS 

The level nets were adjusted by the method of lea 
squares. As the leveling was of the same precision throug} 
out, the computations were very much simplified. The lar: 
est level net contained three closed figures involving fi, 
river crossings and had a perimeter of 118 km., or 74 mil-: 
This large circuit passes through four of the boroughs an: 
the error of closure amounts to 3.8 mm., or 0.012 ft. 

A circuit from Long Island City to Little Neck, L. TI. and 
return via Flushing, Whitestone, Bayside, Little Neck, Floral 
Park, Hollis, Jamaica and Glendale, failed to close by 6 mm. 
or 0.02 ft., the length of the circuit being 64 km., or 40 miles 
Another circuit of 83 km., or 52 miles, which embraces almost 
all of Queens Borough, failed to close by 1 cm., or 0.033 ft. \ 
small circuit of 17.6 km., or 11 miles, embracing Flushing 
College Point, Whitestone, Willets Point and Bayside, has 
closing error of 0.1 mm., or 0.0003 ft. 

In the adjustment of the level nets some of the corrections 
applied were so small that it would not have made any ma- 
terial difference if any other method had been followed. The 
greatest correction so far applied to close any circuit, large 
or small, was at the rate of 0.6 mm. per km., and this was 
for a very small figure. 

The probable error of the mean result for a section was 
computed in millimeters by the formula 


” = “zd? 
r 0.674 4/ 77 


in which d is the discrepancy between the forward and back- 
ward leveling over a section and s is the number of sections 
The probable error of the most direct level line from Perth 
Amboy to Dobbs Ferry computed from this formula is * 0.30 
mm. and the total distance is 94 km., or 58.7 miles. 


bos 

A Heavy Industrial Lecomotive has been built for use on 
the 36-in. gage industrial railway system at the steel works 
of the Tennessee Coal, Tron & Railroad Co., at Ensley, Ala 
It is a tank engine of the 0: 6:0 class, with large tanks along- 
side the boiler and with a coal bunker on one side 
of the cab so that the cab is open .at the rear. The 
wheels are placed close together, with a wheelbase of only 
9 ft. to enable the engine to operate on sharp curves. “he 
connecting-rods drive the rear axle, and the Walschaerts 
valve-gear is used to operate the slide valves. A steam brake 
is applied to all the wheels. The locomotive was designed for 
heavy and severe service, and is believed by the builders to 
have the heaviest load per square foot of track for an en- 
gine of this class, with its short wheelbase. The engine was 
built by the H. K. Porter Cc., of Pittsburgh, Penn., and its 
leading dimensions are as follows: 


Type Of ENGine. .. ce cccccecceeesvreescesccavens 0: 6:0 (tank) 
Game Of track... ccc tesa eet reece we seees 3 ft. 0 in 
BOrviCe fc co eke eee ee deans Yard work at steel plant 
Wheels (6) diameter... ......6. 0. cece eee ees 3 ft. 10 in 
ge ER rere ee TT pereiny oer err ee rer 9 ft. 0 in. 
Weight in working order. .........-.-0seeeeeeeeees 147,000 Ib 
Weight per sq.ft. of track....... 650s e cece rere eecees 5.445 Ib. 
CYMNGOTS 66. cc cee cece tee eee ne etee ee ene ence nwes 19x24 in. 
Boiler pressure... ..--. 66. . cee cee eee ee eee ee eee eee tenes 200 Ib. 
Length over bumpers..........- Oh a aelsen es $a aa ORE 27 ft. 8 in. 
Width over all... ....5-s cesses CoS eRe nes eae 8 ft. 10 in 
Height, rail to top of smokestack.........---++++-> 13 ft. 0 in. 
Water in tanks.........-+--+ee-- kis 45 Ce ROCRT ROE we 2000 gal. 
Coal in bunker... ..... ce cee cee ee eee et cere ears cnes 1200 ib. 


Tractive force... 2.2... eee e eee eee serereseneenes 32,000 Ib 
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Cleaning Stone Ballast by Screening 
By W. I. Trencut 


Experiments with screens instead of forks for cleaning 
sone ballast were made on the Baltimore & Ohio R.R. in 1912, 
sing a form of screen developed by the writer and A. G. 
zepp. The present method involves one of the most ex- 
.ensive and tedious operations in railway maintenance, and 
ror this reason the cleaning is often deferred much longer 
than good practice would demand. It was felt that a great 
saving could be made by using a screen which would make 
4 proper separation of stone and dirt and at the same time 
dispose of these two materials in a way to avoid further 
handling; with a single cast of the shovel instead of the re- 
peated sifting motion and the further shoveling of the dirt 
in its disposal as required by the fork. 

It was found that on double track the most efficient 
work was done by a gang of 12 men with three screens, one 

on each berm and one in the center ditch. The screens are 
alike, and rest on separate legs. The legs for use on the 





ScrREENING STONE BALLAST ON THE BALTIMORE 
& Onto R.R. 


[(A) Legs supporting screen on berm; (B) adjustable sup- 
port for top of screen; (C) screen in center ditch; (D) solid 
ylate at back of screen; (E) chute delivering dirt to wheel- 
barrow: (F) top hood, as used on center screen; (G) top 
hood as used on side screens.] 


Fig, 1. 


berm are so designed that the screen rides on the ends of 
the ties, clear of trains, and deposits the cleaned stone in 
final position. The dirt is deposited into a wheelbarrow 
standing on subgrade. This is all shown at (A), Fig. 1. 

The legs for use in the center ditch ride on the cleaned 
subgrade, and are of such a height that the dirt is deposited 
in a handbarrow placed beneath the screen, and the clean 
stone is left in the center ditch. The upper end of the screen 
is carried on supports (B), adjustable in height. The screen 
in the center ditch (C) is laid flat on the passage of trains, 
and lies wholly below the top rail. 

The screen is set in a frame of 2x3 in. angles, with the 
larger leg upstanding. The screen is formed of %-in. rods, 
crimped together, giving a mesh 4x8 in. With this mesh 
and with the screen inclined at 45° the separation of stone 
and dirt was perfect even in damp weather, and this cannot 
always be said of the results secured from forks. These 
erimped rods are set in a rectangular frame of 1x%-in. 
channels, bolted inside the main frame so that the screen 
can be detached for repairs. 

The screen is backed with a galvanized iron slide (D), 
which gathers the dirt coming through and deposits it in 
a receptacle by means of a spout (E). The spout is really 
a hinged door suspended at its outer end by a. chain and 
fastened. With this door closed the screen will hold about 
one wheelbarrow load of dirt, so that the operation is not 
stopped while the dirt is being dumped. 

At the top of the screen is a hood (F) which is used in 
the position shown when in the center ditch, forming a 
deflector for the ballast thrown over the top. The method of 
operation in this case is to slide the screen backwards from 
the cleaned ballast towards the uncleaned ballast, the latter 
being thrown over the top and being left in clean condition 
at the bottom. When this screen is in use on the berm, the 
hood is thrown back, as at (G), and forms the top against 
which the ballast is thrown. 

With each screen is a galvanized handbarrow that fits 
upon the horizontal legs when in use on the berm. It is so 
placed after a sufficient quantity of cleaned ballast has been 
allowed to fall outside the rail, the remainder being caught 
in the handbarrow and drawn across the rail to be deposited 





*Abstract of poner in the 1913 “Proceedings” of the 

American Raiiway ngineering Association, Chicago. 
+Division Engineer of Maintenance-of-Way, Baltimore & 

Ohio R.R., Baltimore, Md. 
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in the cribs. When in use in the center ditch, the hand- 
barrow is placed beneath to catch the dirt. 

The cross-section of the finished work is shown in Fig 
2. The cribs are cleaned to the bottom of the ties, the 
center ditch 18 in. below the top of rail, and the berm 24 in 
below the top of rail at the end of tie and sloping to 3 ft 
below top of rail at back of side ditch. Every 50 ft. one crib 
is cleaned to the bottom of,the center ditch on one end 
and to the top of subgrade on the other, forming an outlet 
for water. 

The dirt from the ballast is dressed upon ‘the subgrade 
outside the ballast line, and in addition to giving a neat 
appearance serves to keep down weeds very effectually 
What is not required for this purpose is used to widen em- 
bankments. 

For the operation of three screens under ordinary circum- 
stances, 12 men are sufficient; with long hauls of dirt, more 
men are added for wheelbarrow work. Of the 12 men, 2 
shovel from each side of the berm onto their respective 
screens, 2 shovel from the center ditch onto the center screen, 
and 1 man in center of each track shovels from the cribs 
onto the screen most available. One man with pick advances 
ahead of shovelers to loosen hardened ballast before thei: 
arrival. These are dispensed with if ballast is loosened by 
means of a plow attached to work engine. Long stretches of 
ballast can be loosened in this way in a short time by work 
engine; enough to keep a gang going several days 

The remaining three men are sufficient usually to handlk 
wheelbarrows in disposal of dirt, dress dirt down on berm 
and fork a uniform ballast line, although for a hand-laid 
ballast line more men would be necessary. By careful hand- 
ling of this gang, ballast and dirt are disposed of at on: 
operation in their final position and no further attention is 
necessary. In most cases it is found that the cleaning of 
ballast so reduces its volume that additional stone is neses- 
sary. In this case the disposition of the stone from the 
screens is so handled that the berms and center ditch ar 
filled out completely, and any deficiency occurs between the 
rails where, additional stone can be most conveniently dis- 
tributed from ballast cars without further handling. The 
gang of 12 men cost per day: Foreman, $2.40; 11 laborers at 
$1.60, $17.60; total $20. 

A gang equipped and organized as above will cover 165 
ft. of double track per day of 10 hrs, making the cost per 
mile of double track, $640. This includes cleaning ballast, 


. 





_Pallast » 
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Fig. 2. Roavspep Cross-Secrion SHOWING ARRANGE- 


MENT IN SCREENING BALLAST? 


(All ballast outside of upper dotted line (A) is removed, 
screened and replaced. At intervals of 50 ft. the ballast be- 
tween two adjacent ties is removed to the lower dotted line 
(B), to give drainage from the center ditch.) 


dressing ballast and disposal of dirt complete. Single-track 
work would cost considerably less than half this amount, 


as there would be no center ditch. An average of 227 
wheelbarrow loads of dirt were removed per 100 ft. of double 


track cleaned. 

For comparison with the fork method, the identical gang 
used above was tried with forks, and advanced but 72 ft. per 
day. This also included the dressing complete disposal of 
dirt, it being necessary to shovel the latter in wheel and 
handbarrows. This shows a cost of $1466 per mile of double 
track. 

Various figures are given from time to time on the cost 
of cleaning ballast. Some of them are very much less than 
the above, and we can only believe that this is occasioned 
by omitting the disposal of dirt and dressing road complete, 
or on account of cleaning to a less depth of track than in- 
dicated above, or perhaps a less thorough separation of stone 
and dirt. In many cases, a raise is given track and ballast 
put under without cleaning. In the above test, no raise was 
made. For the quality of work done, we do not believe the 
figures can be much lessened. This shows a saving of 56% 
by use of screens over forks. 

The screen weighs about 325 Ibs., and can be easily pro- 
pelled along track by the two shovelers at work at the 
respective screens, and they should last for years. The trial 
lot, with handbarrows complete, cost $45 each. If made in 
quantity and ordered on competitive bids, the cost would 
be greatly reduced. 
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The New Gladstone Wet and Dry 
Dock, Liverpool, Eng. 


The port of Liverpool, England, the largest export and 
next to London, the largest import port in the empire, has 
been under development for many centuries but particu- 
larly has undergone a radical and continuous improve- 
ment since 1858 when the Mersey Docks & Harbor Board 
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entrance to all the docks where boats of any size « 
be loaded or unloaded. Advantage has been taken 0 
necessity for locks at the entrance to the docks by m: 
a number of the docks dry-docks which can be pun 
dry for the inspection and repair of the hulls of \, 
as well as wet docks where loading and unloading 
take place. 


In the port area there are 17 of these so called 
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Fig. 1. PLaw anp Sections oF THE GLADSTONE Dock, LiverPooL, ENnG., AT Present THE Largest Dry Dock 


IN THE 


came into existence and assumed complete control of the 
port administration. It has so developed the harbor that 
at the present time from the new Gladstone dock at the 
north end of the system to the Herculaneum dock at the 
southern extremity there are about 6144 miles of docks 
and basins with a water area of 430 acres and 26 miles of 
dockage; while across the river at Birkenhead the docks 
have a total water area of 127 acres with some 10 miles 
of quays. 

As is well known the tidal range in the Mersey River at 
Liverpool is nearly 28 ft., which necessitates locks at the 


Wor.Lp 


ing docks, of which the largest up to the present, the 
Canada dock, is 925 ft. long. There has just been com- 
pleted within the past month the largest of these graving 
docks, known as the Gladstone dock and forming one of 
a series of docks built by the Board at the extreme north- 
ern end of the port. This Gladstone dock is the largest 
dry-dock which has ever been built, totaling 1050 ft. in 
length, 120 ft. width at the entrance, and an entrance sil! 
depth which will allow 46 ft. over the sill at high tide and 
35 ft. at the lowest tide. 

The Gladstone dock development in its entirety was 
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ned by Anthony G. Lyster, then the chief engineer 
“now the consulting engineer of the Board, and was 
oved by Parliament in 1906. It was estimated then 
st about $15,000,000. On account of a depression in 
shipbuilding trade at that time, none of the work was 
‘od until 1910, when the construction of the largest 
- was commenced. This work has been going on con- 
ously since that time and was completed in July of 

- year. The new development comprises two smaller 

‘tide docks which are entered by a lock, and the main 
“ladstone dock which has just been completed. In ad- 

‘ion, lock entrances are to be built to the adjacent 
Hornby dock, which will provide four large berthing slips 

:pable of taking the largest transatlantic vessels, and 
 dry-dock capable of taking the largest vessels now in 
existence or under projection. 

Fig. 1 gives a plan and two sections of the recently 
completed Gladstone dock. As will be noted there it com- 
prises an entrance channel (which is temporary and will 
he removed after the completion of the whole dock im- 
provement) which is about 1200 ft. long and 400 ft. wide 
at its entrance, tapering down to the 120-ft. width at the 
dock proper. This latter has a chamber 155 ft. 6 in. wide 
at the top, and 140 ft. wide at the bottom, and provides 
a working chamber 120 ft. wide, 1020 ft. long and 46 ft. 
deep. 

The entrance channel is formed by building up an 
embankment on one side and a retaining wall with a fill 
behind it on the other and dredging between them to give 
the requisite depth. Extending out from both embank- 
ment and river wall, as shown in one of the cross-sections 
in Fig. 1, have been built what are called in England 
“dolphins.” These are timber guide walls marking the 
entrance channel and providing guides for the steamers 
entering the dock. 

The section through the dock itself is shown also on 
Fig. 1. It will be noted that the lower portion of the 
interior wall is straight for a considerable depth, and 
starts to step back to form the altars for the graving 
dock only a few feet below the mean tide level. This sec- 
tion has been given in order to conform more nearly to 
the usual section of the larger steamers nowadays, so that 
they will-‘not encounter any obstructions below water line 
when the dock is being used as a landing dock. The side 
walls are of solid concrete founded on bedrock, and the 
bottom of the dock is also of concrete 3 ft. 6 in. thick. 

A sliding caisson closes the entrance, either excluding 
the water or maintaining its level inside the dock, as re- 
quired. The use of gates was precluded by the consider- 
ation that they would have taken up an excessive amount 
of space. This caisson is of steel construction 124 ft. 
long on the outer face and 132 ft. long on the inner, with 
a width of 25 ft. The maximum head against it in still 
water will be about 46 ft. When in the closing position 
across the entrance its greenheart timber sills bear 
against the sill and jamb of polished granite, the pressure 
being taken by the riverside sill and jambs when water is 
impounded, and by the shoreside sill and jambs when the 
dock is being used for graving purposes. The caisson is 
moved by means of steel ropes actuated by electric motors 
placed on the masonry at the south end of the caisson re- 
cess, the outward pull being effected by a rope passing 
over pulleys on a cross-beam fixed in the south coping 


of the entrance. In addition to this caisson, a tem- - 
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porary floating or ship caisson is provided should it be 
necessary to remove the main caisson at any time. 

The pumping machinery consists of five sets of centrif- 
ugal pumps with discharge pipes 54 in. in diameter, each 
of which is driven direct by a vertical four-cylinder Diesel 
engine, designed to run ordinarily at 180 r.p.m. and each 
capable of producing 1000 hp. The pumps are required 
to empty the doek of its whole contents, about $4,000,000 
gal. on an 18-ft. tide in 214 hr. 

The well, situated on the south side of the dock near 
the entrance, forms a chamber 125 ft. long by 20 ft. wide 
and 25 ft. high. The water is led to it from a sump 22 
ft. below the floor of the dock at its southwest corner, 
with two culverts between sump and well, each 8 ft. 6 in. 
by 12 ft. 6 in. in section. Some of the pumps are ar- 
ranged to remove the drainage water from below the gen- 
eral level; two of them are also available for pumping 
water inte the dock from the entrance to provide against 





Fie. 2. View rroMm ENTRANCE OF GLADSTONE Dock, 
Apr. 16, 1913 
(From London “Engineering,” July 4, 1913.) 


any undue reduction of the depth of water owing to leak- 
age or some other cause. 

Alongside of the dock there is provided a one-story 
shed, 900 ft. long and 100 ft. wide. In front of it are 
four movable 114-ton electric cranes and a 5-ton steam 
crane running on special rails along the sides and around 
the head of the dock. There are two hydraulic capstans 
at the ends, each capable of hauling 20 tons, and six 1- 
ton hydraulic capstans along the sides. 

The dock is to be used for the large liners entering 
Liverpool harbor and is particularly intended to care for 
the new Cunard liner “Aquitania” which was recently 
launched. The entrance channels are to be dredged to 
give a depth of 48 ft. at high water in ordinary spring 
tide, so that as soon as the “Aquitania” is completed the 
dock will be ready for her accommodation. 

The whole of the Gladstone dock work has been carried 
out by the Mersey Dock Board, under the direction, until 
the end of 1912, of Anthony G. Lyster, who is president- 
elect of the Institution of Civil Engineers and until 1912 
was the Engineer-in-Chief of the Harbor Board. Since 
that date his successor, Thomas M. Newell, has been En- 
gineer-in-Chief. W. Hemming Jones has been the resi- 
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dent engineer on the Gladstone dock works during its 
entire period of construction. 

The dock was named not after the celebrated states- 
man, William E. Gladstone, but after Robert Gladstone, 
who, as chairman of the Mersey Docks & Harbor Board, 
did most valuable service. 

Fig. 2 is a view taken last April showing the dock from 
its entrance toward the landside just before its comple- 
tion. 


Large Clam-Shell Dredges; Levee 
Building Methods and Standards 
in California 
By Frep H. Tisserrs* 


The editorial in ENGINEERING News of June 5, en- 
titled “Wanted—Machinery for Levee Building” and the 
subsequent correspondence show that in some respects the 
builders of the Mississippi River levees have been a little 
backward in adopting new methods of construction. 

From the letter from Capt. C. O. Sherrill’s office 
(June 26, p. 1340) and from other sources, it appears 
that consideration has not been given to the use of very 
large, though costly, clam-shell dredges upon which chief 
reliance is placed for levee construction in California. 

In the Sacramento Valley this type of machinery has 
been developed until the largest machines can place ma- 
terial at one operation 300 ft. or more from the point 
at which it is excavated. 

The clam-shell dredge “Hercules” of the Ajax Dredg- 
ing Co., has a boom 205 ft. long with a clam-shell bucket 





Fre. 2. Drener “New Granp Tstanp” Constructina LEVEE; 
175-Fr. Boom, 5-Cv.Yp. Bucket 


containing 6 cu.yd. when level full. The hull is 70x140 
ft. and the depth 12 ft. 10 in. 

The new clam-shell dredge, “Netherlands,” now under 
construction for the Netherlands Farms Co., whieh will 
be used in completing the back levees of Reclamation Dis- 


*of Haviland, Dozier & Tibbetts. Civil Engineers, Alaska 
Commercial Bldg., San Francisco, Calif. 


trict 999 (a 30,000-acre tract in the lower 
Valley), will be electrically operated and has 
ft. long, with a 6GYo-cu.yd. bucket, and, 
lieves, will be the largest of this type ever 
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Fig. 1. Laree Cram-Suett Dreper Retnrorcina Sack 
Torrine, CoLtusa Basin, Cauir., At Crest or 
Maren, 1911, Froop 


This machine will be able to deposit material about 
307 ft. from the point at which it is excavated, and is 
designed to build a levee with side slopes of 1 on 3 and 
1 on 4, with a top width of 6 ft. and a height of 26 ft 
A 30-ft. berm can be left and 
the slope of the borrow pit 
limited to 1 on 2 and its 
depth to 8 ft. 

These machines cost from 
$75,000 to $125,000, com 
pletely equipped, but they can 
build large levees at a cost, 
under favorable conditions, of 
4 to 5e. per cu.yd.; under un 
favorable conditions, at not 
over 8 to 10c. per cu.yd.; and 
they will handle from 75,000 
to 150,000 eu.yd. per month. 
By 1915 there will probably 
be from $10,000,000 to $20,- 
000,000 worth of levees con- 
structed in the Sacramento 
Valley by means of such ma- 
chines. 

The writer, who has spent 
some time in studying the 
1912 flood in the Mississippi 
River, is well aware that the 
use of this type of machinery 
might require some modification of the standard speci- 
fications now in force for the construction work on the 
Mississippi River levees. 

It is unnecessary for such machines to reach farther 
than the rear of the levee crown, for dredges in any or- 
dinary material can, if properly handled, construct the 
rear slopes from 1 on 3 to 1 on 6 as desired. During 
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water periods, the dredges could work while float- 
over the berm. At other times. water for flotation 
d be provided by pumping. 


[t is quite usual in California to keep the water in 
borrow pit, by means of pumping, at or near the 





Fic. 3. Boom ConstrucTION OF THE Dreper “VuL- 
can”; 185 Fr, Lona, 514-Cu.Yp. Bucket WeicH- 
inc 12 Tons 


ground surface, in which case the depth of the borrow 
pit need not exceed 7 or 8 ft. for the largest machines. 
Frequently the water is kept above the ground surface by 
a small auxiliary levee constructed by a ditching ma- 
chine, a trenching machine or by teams. 

It is very awkward, although not necessarily impos- 
sible, to leave traverses of undisturbed material inter- 
rupting the continuity of the borrow pit. The writer’s 
observation, however, of such traverses during floods 
seems to indicate that they are a dangerous source of 
weakness, rather than a protection to the levees. 

As the material placed by floating clam-shell dredges is 
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usually saturated, and as it may be dropped on the levees 
from a considerable height (5 to 10 ft. or more) in 
masses of 2 to 6 cu.yd., the usual result is a very thor- 
oughly compacted levee section (this last observation was 
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suggested by A. M. Shaw’s letter in your issue of June 
26, p. 1359). 

Suction dredges also are being used successfully within 
the last year for levee construction along-the Sacramento 
River. Huge levees can be built at a comparatively small 
unit cost of sand pumped a quarter- to a half-mile. 
Levees of this sort have been found very efficient when 
protected from wave wash or direct-current scour. 

The West Sacramento Co. is building a levee along the 
west bank of the Sacramento River in front of the ter 
minal and industrial section 22 ft. in height with a river- 
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ward slope of 1 on 3, a crown width of 100 ft. and a rear 
slope of 5%. The 1 on 3 slopes are obtained by the use 
of “trap” pipe, and the 5% slope on the rear is ob- 
tained with great uniformity and ease without any special 
equipment. 

The Natomas Co., on the opposite side of the river, is 
first constructing a deep trench along the axis of the 
levee with a large drag-line scraper, piling the excavated 
material in high, narrow ridges on either side and back- 
filling the trench and spaces between the ridges with sand 
dumped in from a suction dredge on the river. This 
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gives a sand core impervious to burrowing animals and 
a riverward slope of more resistant material. 

The Mississippi River Commission has a splendid fleet 
of large suction dredges which annually handles a large 
amount of material in channel-improvement vork. It 
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as a part of the swamp-land reclamation work. The r 
claimed land was of very great value for agricultural pu 
poses, but its usefulness was greatly impaired by 1 
constant and growing uncertainty and danger from flo 
waters. The usual practice had been to completely | 
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would seem that much good might be accomplished if 
this material were deposited to reinforce the rear slopes 
of the levees instead of being wasted in adjacent parts of 
the river channel. 

Much of the levee building in California has been done 
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COMPARATIVE Cross-SEcTIONS OF MississipPI AND SaAcRAMENTO River LEVEES 


close in levees districts varying in size from a few acres 
to 50,000 acres each. The levee systems had grown inter- 
mittently and irregularly from small hand-built levees 
to large dikes 10 to 15 ft. or more in height. In the be- 
ginning little use was made of engineering skill or study, 
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» the machinery in use was of insufficient capacity to 
-operly construct the necessary levees. The location, de- 
» and construction of most of the reclamation work 
al costly and inefficient. 

The last decade has put an entirely, different aspect 
upon this situation. Flood-control problems have been 
tudied thoroughly and scientifically* and engineering 
‘sjent has been concentrated on the large reclamation 
districts. Heavy dredging machinery has been developed 
¢yrther in some lines than anywhere else in the world. 

The levee cross-sections have been gradually enlarged 
and improved and construction methods perfected, until 
it is doubtful if there are any larger or better levees any- 
where. As compared with larger river systems, like the 
Mississippi for example, the maintenance of river levees 
is much easier in the Sacramento Valley, because of the 
briefer duration of the floods, which are hardly long 
enough to permit of the saturation of the levee sections 

On the other hand, the back levees located in the flood 
basins in many cases have a terrific exposure to wave 
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wash during the winter storms. The growth of willows 
is generally encouraged on back levees, and climatic and 
other conditions are so favorable that where there is a 
proper berm, it is frequently possible to get a dense cov- 
ering in a short time. In some cases, however, this 
method has been found inadequate and the back levees 
have been faced with concrete. 


Many of the levees in the Sacramento Valley have been 
quickly destroyed by successive floods, and abandoned ; 
but meanwhile new projects are constantly under way, so 
that it is impossible to estimate accurately the extent of 
land reclaimed or partially reclaimed at a given time. 





*See Weather Bureau Bulletin 43, U. S. Department of 
Agriculture, entitled “The Rivers and Floods of the Sacra- 
mento and San Joaquin Watersheds,” by Nathaniel R. Taylor 
issued June 7, 1913; for very complete analysis of floods an 
river conditions. . . 
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The best estimates available at the present time indi- 
cate that the area of reclaimed land wholly in the flood 
basins and which could be said, under normal conditions, 
to be submerged with each moderate or large flood, is 
about 145,000 acres north of Sacramento, and about 110,- 
000 acres south of Sacramento, making a total of 255,000 
acres, or about 30% of the total of 800,000 acres. 

Reclamation work in the Sacramento Valley is pro- 
ceeding at present at a wholly unprecedented rate. Ac- 
tual construction work is being actively pushed on tracts 
aggregating over 280,000 acres, or over one-third of the 
total flood area. All of these projects should be com- 
pleted within the next three years. This means that the 
present period of say three years will see more land re 
claimed and put under cultivation than the eutire period 
preceding since the settlement of the valley. 

Most of the projects under way, or proposed for im- 
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mediate construction, are relatively large. Economical 
considerations make it more profitable to reclaim a large 
body of land than a small one. The recent organization 
of the State Reclamation Board and of the Sacramento- 
San Joaquin drainage district, embracing about 134 mil- 
lion acres and the comprehensive plan of the California 
Débris Commission insure future reclamation, following 
an orderly and legitimate plan. 

The large reclamation districts are employing the best 
engineering and executive talent available, and under a 
broad and far-reaching financial policy are insisting 
upon the most thorough and substantial construction 
work. The disastrous mistakes of the past are not being 
repeated. The reclaimed lands are being provided with 


transportation facilities and are being rapidly settled 
and put under intensive cultivation. 
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Progress on the Lower Ganges Bridge, 
Northern Bengal, India 
By M. D. BraysHay* 


One of the largest bridges in the world is now in course 
of construction across the Ganges River, at Sara, about 
150 miles north of Caleutta, India. The project was 
described in ENoGineeninc News, Nov. 9, 1911, p. 555, 
when the construction work had just started. The prog- 
ress during the past two years has been rather slow but 
sufficient work has been done to warrant the following 
progress report on the structure. 

This bridge will carry the Eastern Bengal State Ry. 
across the river Ganges 120 miles from Calcutta. It is 
designed for two tracks of 5-ft. 6-in. gage and a 5-ft. 
footpath. bracketted on the outside of the downstream 
girder. The estimated cost of the bridge and training 
works is £2,600,000 ($12,500,000) and, including the ap- 
proaches, amounts to about £3,200,000 ($15,500,000), 
The Ganges here rises 31 ft. in the “monsoon” season and 
has a maximum discharge of 2,500,000 cu.ft. per sec. 
The river at the point of crossing runs almost due north 
and south through a sandy alluvial country which lies 
for the most part below the high-water level of the river. 
The river has frequently wandered widely from its pres- 
ent course and borings show sand to a great depth below 
the bed. Extensive protection works and very deep foun- 
dations are essential to keep the river in its channel and 
prevent failure by scouring of the foundations. 

Prorection Work—There is a guide bank along each 
side of the river extending 3000 ft. upstream and 1000 
ft. downstream from the center line of the bridge and 
curving away from the river at the ends. There are two 
more guide banks—one three miles upstream on the left 
bank and one seven miles upstream on the right bank—to 


the height being adjustable up to a maximum of . 
65 ft. The well curb and caisson are filled wit}, 
crete and above them the steining is built up of co 
blocks of about 7 tons each. After sinking the dre 
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(There are 15 spans identical with this one and three plat 
girder approach spans.) 


holes are plugged top and bottom with concrete. Thy 
dredges used are of the Bell’s type and of 100-cu.ft ca 
pacity. These dredges and the materials are handled |) 
two 15-ton electric traveling cranes mounted on an over 
head floating staging. An average rate of 3 ft. of buid 
ing and sinking per day can be maintained with this 
plant. 

Pirrs—Up to highest water level the piers are con- 
structed of masonry and above that there is a steel tres- 
tle 34 ft. 6 in. high. The masonry consists of base and 
cap slabs of reinforced concrete and between these a core 
of brickwork and face of molded concrete blocks. The 
trestle was adopted to reduce the weight on the well foun- 
dations. Neglecting friction and buoyancy the unit pres- 
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hold the river to its present course. These guide banks 
are of the “Bells bund” type and raised well above high- 
water level. They have a core of earth faced with pitch- 
ing stone and a heavy pitched apron of stone designed 
for a scour of 100 ft. 

Founpations—The piers are founded on wells sunk 
by open dredging to a depth of 150 and 160 ft. below 
lowest water level. The well is 63 ft. long and 37 ft. 
wide with semicircular ends and two dredging holes of 
18-ft. 6-in. diameter. The well curbs are of steel, 15 ft. 
7 in. deep, and weigh 140 tons each. For founding in 
water, the well curb is continued upward as a caisson, 


*Assistant Engineer, Indian State Railways, Paksey, Ben- 
gal, India. 


sure on the base of the well is about 13 tons per square 
foot. 

Trusses—There are 15 through spans, 345 ft. 14% in. 
c. to c, of bearings, and 359 ft. c. to ¢. of piers, and six 
plate-girder deck-approach spans 75 ft. long, the tota! 
length, abutment to abutment, being about 5890 ft. 

Each main span is 52 ft. deep at the center and weighs 
1250 tons. The clearance above water is 40 ft. at high- 
water level and 71 ft. at low-water level. 

The erection in the water spans is to be done on a ser- 
vice span (336 ft. 5 in. c. to ¢. of bearings) which bears 
on the masonry pier and acts as a staging. This is shown 
in the view in Fig. 2. This service span can be floated 
from span to spai: on pontoons. Where there is insuf- 
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»t water for the service span, timber staging is used, 
the shore span in Fig. 2. An electrically operated 
ler (Fig. 4) lifts the pieces of the girder into po- 


PLaxt—Two power houses one on each side of the 
:. generate power for operating most of the plant ou 





Fig. 3. Looking Across GANGES River FROM SHORE 
SPAN 


this bridge. The plant includes five steel overhead stag- 
ings each mounted on two pontoons and carrying two 
15-ton traveling cranes, three 10-ton, 80-ft. radius float 
ing Seotch derrick eranes, two erection travelers, two 
l0-ton, 53-ft. span travelers for handling concrete blocks, 
tvo mechanical excavators, capacity 80,000 cu.ft. each per 
dicm, five stone crushers and a large number of concrete 
mixers, riveting machines and workshop plant. 

Progress OF THE ConstrucTION Work—The “mon- 





Fic. 4. Steen Traverer Usep 1x Erection or Lower 
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soon” season lasts from June to October and the working 
season is from November to May. Great care has to be 
taken to start nothing which cannot be carried to a con- 
dition of safety by the end of the season. Work on the 
guide and approach banks started in season 1910-1911 
and they are now nearly completed. These works con- 
tain about 7,800,000 eu.ft. of earthwork and 900,000 eu. 
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ft. of pitching stone. The stone has had to be carried by 
river and rail an average distance of about 150 miles. 

Owing to the strikes in England the work on the wells, 
piers and girders has been delayed considerably. Five 
wells were sunk in 1911-1912 and during the last season 
seven wells have been put down and one main span 
erected as well as the service span. The twerve wells 
completed represent some 220,000 tons of steelwork and 
masonry. It is believed they are the deepest foundations 
of their kind in the world. The two spans erected did 
not arrive from England until May, and the engineers 
in charge had a difficult problem to tackle in deciding 
whether to start erection at so late a date. The service 
span was “struck” on June 14 and the main span on 
June 17 on parallel drifts. The rivet holes were filled 
with 40% of parallel drifts and 60% of service bolts and 
the deflection was '4-in. less than had been estimated 
for rivets. On June 15 the river started to rise rapidly 
and on June 18 it topped the piles of the stagings and 
the current was very strong. 

The accompanying drawing (Fig. 1) shows the gen 
eral elevation of the bridge and the photographs show the 
girders and stagings at different stages during erection. 

The bridge is being built departmentally by the engi 
neers of the Indian Public Works Department with R. R. 
Gales, M. Inst. C. E., M. Am. Soc. C. E., as Engineer-in 
Chief. The steelwork is being supplied from England to 
drawings by the Consulting Engineers to the India Offic 
(Messrs. Rendel, Palmer & Tritton). 


NOTES FROM THE ENGI- 
NEERING SCHOOLS 


SUH rene see penneneaenOTOR: 


eensnnene 


Evvsvevenenvevevanesssovsnccsvesssvousanenssecacssansvensseernsasseenesncosssensarnceneavesnecansacanevenensnevsuu seven vevensvecssugsvevenstessueenaneresavacntscscersssnsnrenensnsneeenios (eoeieervener 


lowa Stare CoLttece—aAt the Jast session of the State 
Legislature provision was made for two-year trade-school 
engineering Courses in connection with the Engineer- 
ing Department. These courses will be open to any 
young man with a common-school education. It is in- 
tended to give practical work in cement products, road- 
making, power generation and applied electricity to fit 
students for positions in the Iowa industries. Wood 
working, pattern making, forging and machine work are 
to form an important part of the instruction. 

In addition, the college this year will carry on exten- 
sion work in industrial subjects for apprentices and shop- 
men throughout the state. This work is now being or- 
ganized by Prof. Kenneth E. Smith, formerly in charge 
of the technical extension work of the University of Wis- 
consin in Milwaukee. Evening classes in shop mathe- 
matics, mechanical drawing and shop practice, and fully 
organized part-time trade schools will be established in 
the industrial centers of the state. 

A $100,000 locomotive- and automobile-testing labera- 
tory, a $40,000 gas and steam laboratory and a $250,000 
chemistry building are being built at Ames. 


2% 

Dismissing Factory Employees Dally by Ringing the Fire 
Bell was suggested by Roland H. Leveridge, of the New Jer- 
sey Department of Labor in consultation with the Industrial 
Board of the New York State Department of Labor, which 
held its third public hearing upon the matter of factory 
safety Aug. 22. By this means the 2mployees would becom: 
accustomed to the sound of the bell, thus lesuening the like- 
lihood of a panic in case of fire. It would also necessitate 
maintaining the alarms constantly in order. 


































































462 


The Problem of Finding the Proper 
Turbine Capacity to be Installed 


at a Water-Power Site 
By CLemens HerscHet* 


The problem above stated arises at least once in the 
life history of every power plant. 

Certain general rules have recently been promulgated 
by Hon. Franklin H. Lane, Secretary of the Interior, 
describing the policy of the Government as to the dis- 
position of water rights on navigable rivers. The first 
of these rules reads as follows: 


The greater the development of horsepower, the lower the 
charge per horsepower to be made on the part of the govern- 
ment. This is intended to secure the full use of the stream. 


Plainly this means that a large specific, or proportionate 
use of water at any mill site, is to be rewarded, in form 
of a less charge of water per cubic foot per second of 
turbine capacity or per horse-power 
produced hydraulically at that site. 

This still leaves open the question: 
How shall this most expedient or 
proper turbine capacity at any site to 
be installed, be determined? The tur- 
bine capacity to be adopted must be 
sufficient, and yet prudent; iarge, but 
not excessive, or uneconomical. If 
made too small, too much water passes 
by unused. If made too large, some 
of the turbines and attached genera- 
tors stand idle too long in an average 
year; and become food for the scrap 
heap, together with some of their ap- 
purtenant operating outfit. 

The question how to determine the 
proper capacity thus primarily, or 
eventually, to be installed, is only now 
becoming recognized as a question to 
be settled by some sort of computa- 
tion. Recent German writers have 
given us solutions that may be charac- 
terized, in the opinion of the writer, as 
“fearfully and wonderfully made.” 
See, for example, an article in Zeits- 
chrift f.d.g. Turbinenwesen, 1913, pp. 209, 230, 244 by 
Government engineer (retired), Dr. (of Engineering) 
Leiner. He calls his essay a “Procedure for the Deter- 
mination of the Most Economical Part to Be Used of the 
Annual Water Supply; Size of the Reservoir; and 
Amount of Auxiliary Heat Power; Which Should Be 
Selected in the Construction of Water Power Plants.” 

As the learned author treats the subject, this includes 
a choice and determination: (a) Whether to use no water 
at all, or all the water that comes down the brook or 
river, during the year; or how much of the annual dis- 
charge of the stream is to be utilized; (b) whether to 
have no reservoirs, or reservoirs large enough to utilize 
the whole annual river flow; or what intermediate size 
of reservoir capacity is to be provided; (c) whether to 
have water power only, or to use auxiliary heat engines; 
and if any are to be used, to what extent. 

This is certainly a comprehensive program. A simi- 
lar program, and procedure under it, is set up in: “Die 
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Wasser Kriifte,” by A. Ludin, 1913, Julius Sp: 
Berlin. But we may venture to say, that no ms; 
has designed, built and operated water-power pla: 
20, 30 or more years, will tamely submit to pass 
the yoke of any such by averment all-conquering 11 
matical procedure. 

Much may be pardoned, no doubt, to able mat! 
ticians, grappling with the problems presented |, 
construction of water-power plants, in size w: 
of the name, to be constructed for the first time i; 
history of their nation; and before the nation has 
a condign experience in their construction and operat 
But in this country there has been ample experienc: 
the subject ; beginning in 1792, with the Society fo, 
Promotion of Useful Manufactures, at Paterson, N. 
and continuing through the upbuilding of Lowell. [, 
rence and Holyoke, Massachusetts, and all the other ¢ 
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water powers of New England and of the United States, 
ever since, inclusive of the marvelous advances in tlic 
art made since 1890, 

We know that legal and practical considerations will 
settle, before the works are begun, the question of the size 
of supply reservoirs, or of mill ponds, to be constructed. 

So long as the necessary use of lands in the construc- 
tion or operation of works serving to retain or convey 
water is not by constitutional statutes in the states made 
a public use, so long will computations such as are above 
described, have no adequate justification within those 
states. Lands, and rights of way over them, must now 
be bought by private agreement, which practically and ef 
fectively limits the extent of their acquisition; not to 
mention the topographical limitations of each case. 

Once thus remove from the computation the variable 
factor of size of reservoirs to be provided, and differently 
express the percentage of annual discharge of the stream 
to be utilized, and we come to a much simpler mode of 
treating the problem stated at the head of this article. 
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The preseat writer has given a solution of this ques- 
» in H. R. Doe. 1400, 62d Congress, 3d Session, in 
Report made to Lt. Col. Wm. C. Langfitt, Corps of En- 
ors, U. S. A., dated Jan. 7, 1913, on the Great Falls 
iter power of the Potomac River, near Washington, D. 

©. which may now briefly be described. 
For this purpose p. 46 of Document 1400 may be 


ioted as follows: 
ANALYSIS OF 15 YEARS’ DAILY FLOW, 1897-1911, OF 
rHE POTOMAC RIVER AT CHAIN BRIDGE, AND DETER- 
INATION OF THE ECONOMICAL CAPACITY OF THE 
RIVER, AT THAT POINT, TO GENERATE POWER. 

So called hydrographs of river flow, as usually presented, 
1m a most incongruous and uninstructive series of saw- 
oints, only to be called “curves” by a stretch of the imagina- 
tion, or by a strained exercise of respect for mathematical 
rms and definitions, But when the several daily quantities 
portrayed In such a hydrograph have been arranged in the 
order of their size, placing the maximum quantity for any 
one day in the year as an ordinate over, say, the first day in 
the year, and so on down to the smallest daily quantity for 
that year az an ordinate over the three hundred and sixty- 
fifth or last day of the year, one obtains a very regular smooth 
curve, called a “duration curve,” because from it may directly 
be read the duration during the year of any given river flow 
shown on the duration curve. The same data may also be 
presented in the form of a table, in which case it will be 
sufficiently accurate for present purposes to present only the 
quantities obtaining every tenth day in the serial arrange- 
ment that has just been described. 


Such a table for the Potomac River at Aqueduct Dam, 
1897-1911, is given in Document 1400; and a similar 
20-year table showing the discharge of the Connecticut 
River at Holyoke, Massachusetts, is printed in “Trans- 
actions of the American Society of Civil Engineers,” p. 
31, 1907. 


Diagram A (herewith reproduced), presents the same data 
as the table just referred to. Of especial interest is the quan- 
tity found to obtain on ordinate 182%, on the curve of aver- 
age flow; in the present instance, about 6800 cu.ft. per sec- 
ond. The reason for this interest is found in the fact that 
experience on rivers used for water power in this country, 
sometimes extending for a century or more, has shown that 
this is the quantity which ordinarily (or by a consensus of 
opinion and experience) represents the proper and most effi- 
cient capacity of turbine and other water wheels that may be 
installed. 

* 7 * * * * 7 > 7 > * 

Of course, there can be no hard and fast rule about a mat- 
ter of this sort, and a variation of 30 days either side of the 
182%-day ordinate spoken of is, in cases, perfectly admissible. 
In our case this would represent a range from 5400 to 8500 
cu.ft. per second at Aqueduct Dam. 

To enter upon a computation as to the exact amount of 
river flow it is proper to utilize would lead to so many neces- 
sary basic assumptions, founded on judgment, that the whole 
computation would in its results be of no more intrinsic value 
than a judgment exercised to begin with on the basis of gen- 
eral experience. 

Guided by a judgment of this sort I have computed in 
what follows for a proper draft for power of 6800 cu.ft. per 
second at the Aqueduct Dam. 

And that this is no extravagant or yet a niggardly figure 
is also shown by the discharges of the river, selected hitherto, 
by other engineers who have designed hydro-electric works 
for the utilization of the Potomac River at Great Falls. 

Frizell, in 1894, planned to use 5000 second-feet. 

Herschel, 1902, planned to use 5000 second-feet. 

Sellers and Engstrom, 1903, not stated. 

Shirreffs, 1904, planned to use 10,000 second-feet. 

Kennedy, 1907, planned to use 7320 second-feet. 
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The last paragraph above quoted shows that the 
method here described of computing the economical ca- 
pacity of the Potomac River, agrees, broadly speaking, 
with the consensus of opinion on the subject exercised by 
the half a dozen hydraulic engineers who have worked 
on it during the past 20 years. 

With the data now easily procured, namely the flow of 
the river in form similar to Diagram A; an assumed tur- 
bine efficiency; a peak load equal to a certain multiple 
of the average load for the 24 hours; and falls acting 
at the mill site (varying with the river discharge); a 
table may be computed, or a diagram similar to Diagram 
B (herewith reproduced) portraying the tabular figures, 
may now be drawn, thus fully solving the question stated 
at the head of this article. 

It will not be necessary to repeat here the arguments 
of Document 1400, against allowing the development of 
mill sites, in their ultimate stage of development, for 
less than the economical turbine or power capacity that 
may be determined by the method which has been illus- 
trated. Such a course would be wholly wrong; because 
irretrievably and continuedly wasteful; and thus repug- 
nant to all proper provision for the due conservation of 
the natural resources of the country. 
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The Opportunities of the Average Man 
~ in the Technical Field 


By O. E. Hursner* 


Three classes of trained men—mechanics, draftsmen 
and engineers—perform the greater portion of the prac 
tical work in the engineering field. Greater attention is 
given each year to the pay of engineers and through the 
labor unions still more attention to the pay of the me- 
chanics. The draftsmen through their lack of organiza- 
tion are more or less at the mercy of their employers. 
From every direction come enticing statements of the 
glittering opportunities in the engineering field: the me- 
chanie may become a draftsman; the draftsman may be- 
come an engineer, and the engineer may reach the pin- 
nacle of his profession or may attain some high and }u- 
crative position in the business world. The fact which is 
generally overlooked is that the great majority of men 
in these three divisions of the technical field cannot ever 
rise above the average, or at least sufficiently to gain ac- 
cess to a position in the field beyond. 

It is the purpose of this article to show in a general 
way the financial value of the average technical man. 
This will be measured by the ratio of his possible yearly 
savings to his total first cost. The latter figure Tepre- 
sents the total expenditure in preparing him to practice 
his trade or profession, and is estimated to be a constant 
value of $3000 to bring him to the age of fourteen plus 


*131 Sumpter St., Brooklyn, N. Y. 


EXPENDITURES AND RETURNS OF MECHANICS, DRAFTSMEN AND ENGINEERS 


MECHANIC DRAFTSMAN ENGINEER 
Years Progress Investment Return Years Progress Investment Return Years Progress Investment Return 
to 14 First Cost 3000 to 14 First Cost 3000 ; to 14 First Cost 3000 
17 Apprentice Tes 500 17 High school 600 aes 18 High school 800 
18 < Tradeschool 600 Sa ee 22 College 2000 
First Cost Total First Total First 
Total 2500 awe 4200 Cost 5800 
Average Yearly Wage................... 1248 1352 1 
Average Yearly Expense. .... seg 1072 1172 ae 
Average Yearly Possible Saving......... 176 180 420 
Saving as per cent Investment.......... 6.9 4.3 7.2 
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the net cost of maintaining him until he enters the tech- 
nical field. 

The wages and salaries used in this article are the 
average prices paid for technical labor in the vicinity of 
New York City. The accompanying table shows in a 
clear and concise manner the expenditures and returns of 
mechanics, draftsmen and engineers. The average wage 
of the mechanic is assumed to be $24 a week; that of 
the draftsman $26 a week, and the salary of the engineer 
$160 per month. The average yearly expenses for each 
class of men have been very carefully figured and it is 
believed that the possible saving shown represents very 
fair values: But on the- other hand the expenses are 
principally what might be termed of necessity. The 
many little luxuries so necessary to the smooth running 
of the complex human machinery are not possible of 
calculation, Nor are the expenditures approximated 
which contribute to various mental satisfactions. The 
figures represent “keeping body and soul together.” 

The tangible values of the investments of the mechanic 
and the engineer seem to be about equal, 7%. The divi- 
dends on the draftsman’s investment fall considerably 
below the other two, due to the fact that it costs him 
$1700 to equip himself to earn $2 a week in excess of the 
wage of the mechanic. 
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Lining an Irrigation Ditch with He: 
Metallic Fluming 


By Evsert M. CHanpier* 


The Burbank Co., of Burbank, Walla Walla Co.. Wa 
owning an irrigation project of 14,000 acres i) 
vicinity, constructed several miles of canal lining of « 
ferent types during the last winter. One piece of w. 
which is novel, and may prove to be of considerable 
terest to engineers, is about 3000 ft. of lining construc 
of ‘““Toncan” metal, in the form of 6 ft. 41% in. » 
circle. as 

The portion of the canal to be lined was located | 
a steep, sandy, side hill, where an earth canal wax 
practicable because of the porous character of the sa 
and soil, and because it would have been difficult to ma 
tain the canal banks owing to the light character of + 
material of which they would be composed and t! 


he ¢ 


? 
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posure to strong winds. Concrete lining was not lo 
upon with favor for this particular work because of + 
great scarcity of suitable sand, gravel, and water: and t 
necessity for completing the work in a very short tiny 
About three wecks’ time was allowed between the dat 
that the ground was thawed out and the commencemen 





Fic. 1. GenernaL View, SHowrnc Maximum Heient 
vo WuHich BackFILL SHovutp Be Carriep 
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A paying investment in which a man is personally in- 
terested should pay a dividend of at least 10%. The 
average of none of these three classes of men reaches 
such a value, and can, therefore, scarcely be considered 
as gilt-edge investments. All risk their lives, which 
means their investment—the mechanic and the engineer 
through the perils of the trade and, profession, respec- 
tively, and the draftsman through his predisposition to 
certain diseases as a consequence to his unhealthy posture 
and to the confining nature of his work. In addition the 
latter must often be out upon the work in order to keep 
in intelligent touch with it, thus subjecting himself to 
many of the dangers incurred by the mechanic and the 
engineer. 

Tabulations such as the one presented should be made 
public from time to time so that they may act as guides 
in the selection of trades or professions. They are also 
of value as stimuli or energizers to those who have lain 
mentally dormant too long. It shows such men what 
they were, what they are and what they very probably 
will be. 





Fig. 2. Discuarce Enp, SHowine Riprarpeo JuNc- 
TION With UNLINED Ditcu 


Irrigation Dircu Linep wirrn Hess Meratiic FLUMING, NEAR Burbank, WASH. 








of the irrigation season. During that period of time, 
about two miles of concrete canal lining were being laid 
on anothersportion of the project, and owing to this 
straining the capacity of the equipment and organization 
available for that class of work, relief was sought in form 
that would make possible rapid construction on the 
ground and at the same time provide an impervious lin- 
ing having a reasonably long life. 

After considerable thought upon the subject, it wa: 
finally decided to purchase 3000 ft. of No. 120 Hess 
improved metallic flume, constructed of No. 22 gage 
(0.028 in.) toncan metal and held in shape by steel ribs 
and bands heavily coated with asphalt. Toncan metal is 
represented to be nearly chemically pure iron and sup- 
posedly free from corrosion. In any event, its life woul 
probably be a great deal more than that of galvanized 
steel. Owing to the light and sandy nature of the soi's 
in the vicinity of Burbank, most any lining, to be of 
maximum value, must be so built that the drifting soil 





nearer and Chief Engineer, The Burbank Co., Burban':, 
ash. 
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adily cleaned out. This would not be the: case 
type of metal lining. Fortunately, in this case, 


requiring improvement was located in such a 
. is to be well exposed to the action of the wind 
‘ line was approximately parallel to that of the pre- 
‘ lng direction of the wind. It was considered that the 


. interior of the Hess flume would permit the soil 
-o pass through the flume without deposit by force 
wind, and during the irrigation season, the veloc- 
ity of the water would be sufficient to carry away any de- 
posit. 

The lining was constructed by excavating the old canal 
bed to grade, setting line and grade stakes 25 ft. apart, 
erecting the steel in the same manner as in the erection 
of the ordinary steel flume, and correcting for alignment 
and grade as back-filled by hand with shovels. 

In constructing a metallic flume, it is ordinarily highly 
essential to remove all grit and sand from the joints 
before placing them together in order to prevent leaks. 
Owing to the close proximity of the lining to the ground 
surface during erection in this case, this would have been 
difficult to perform, and the condition was overcome by 
applying a heavy asphaltic paint to the joints. 

On account of virtually erecting the lining in a trench 
and the consequent inconvenience of working about it, it 
was not possible to make the same measure of speed as 
in ordinary steel-flume erection. The best progress made 
in this work was 320 ft., with a crew of one foreman and 
seven men in ten hours. This did not include the ex- 
cavation, but did include the erection and cinching of 
the sheets, the assembling of material for handy use, 
painting the joints, boring the holes in the 4x4-in.x8-ft. 
fir carriers employed, and back-filling sufficiently to per- 
mit of the flume being temporarily sustained on grade 
and line. 

The cost of this work was as follows: 


Per 

lin.ft. 

CROs Seis Ors RE ona vk vce cee cess ddebas atic $1.30 
BImMoer CRPrsere. FG DOTOORK 2. ck. ce reece eee 0.07 
enn en Cab dele bpeaes een 0.03 
ORC VRCIOM MUG DOCM+HIINE. . ok ae a icc ted eceee 0.06 
EEE ee RR os cite a eeinn's Ac hb S00 0 664s ba hee eeere 0.13 
Engineering and miscellaneous...............ccecees. 0.02% 
a eT MNES wh his bad eee ee Sik weed wee Veeen $1.62 


The cost of labor was $2.50 per man per ten-hour day ; 
foreman, $4 per day; team and driver, $4.50 per day. 
‘vhe material was hauled six miles over poor roads. 

Although the lining has now been in use for several 
months, it is too early to predict what life it may have, 
but it is now serving its purpose in a most satisfactory 
manner, and gives promise of having been well chosen 
to meet the particular requirements. Its high cost rela- 
tive to that of concrete lining is such that it would hardly 
be used generally, but under circumstances! where con- 
crete lining cannot readily be constructed at a reasonable 
cost, it may be used often to advantage. 

Messrs, Sanderson & Porter, New York and San Fran- 
cisco, are consulting engineers for the Burbank Company, 
and are represented on the ground by the writer 
as manager and chief engineer of the company. The 


Iless Flume Co., of Denver, Colo., furnished the steel 
flume, 


% 


A Tool Used to Fight Fires in the California forests com- 
bines a rake, spade and hoe. It is compact, so that it can 
be carried on horseback, and weighs less than 5% lb.—For- 
est Notes, U. S. Forest Service. 
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An Interesting Pile Failure 
By Joun W. CUuNNINGHAM* 


On June 9, 1913, a portion of the floor of a covered 


timber dock known as Montgomery Dock No. 1, at Port 
land, Ore., collapsed, dropping about 4000 bushels of 
grain into the Willamette River, which was at a high 
stage at the time, and within 4 ft. of dock level. The 
river has since fallen, exposing the greater portion of the 
piling, and showing very clearly the nature of the failure. 


The dock was a typical pile structure, and having been 


built in 1882, had outlived the usual period of useful- 
ness for this form of construction. The piles were space | 


8 ft. by 8-ft. 3-in. centers, with 12x12-in. caps, 6x12-in. 
joists 4 ft. c. to c., and 3-in. planking. The load on the 





Worn-Ovt Pines tnpoer A Portiuann. Ore... Dock 


floor at the time of failure was wheat, sacked for export 
the sacks being piled eight high and as closely as possible 
giving a computed load of about 300 |b. per sq.ft., or 1! 
tons per pile. 

The accompanying halftone, from a photograph, show- 
that the first failure was in the piles, from simple decay 
during their 31 years of service. About an inch of the 
sap wood of each pile, the portion which had dried out 
rapidly after each annual flood of the river, was fairly 
sound; while the heart, which remained saturated, had 
become thoroughly rotten. It appears that the failure 
began by crushing the spongy core, the outer layers split- 
ting and bending, but holding the upper and lower por- 
tions in line. Final collapse occurred when the slivers 
were broken, and the upper part easily sheared off to one 
side. 
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The Production of Puilding Materials in 1912 in British 
Columbia, Can., according to the annual report of the Minister 
of Mines; for the Province, was as follows: cement, $800,000: 
lime and limestone, $151,250: building stone, $675,000; crushed 
rock, $315,000; sand and gravel, $505,310; red brick, $354,500. 
The only cement manufacturer in the province is the Van- 
couver Portland Cement Co., with works at Tod inlet, about 
12 mi. from Victoria. The capacity of these works is over 
2000 bbl. per day and during the past year 520,000 bbl. were 
manufactured. The raw materials, limestone and clay are 
obtained on the property of the company adjacent to the 
works. The Portland Cement & Construction Co. has been 
erecting a large plant in the vicinity, but production has not 
yet been begun. Concrete construction has become so exten- 
sive on the coast that the production of the material is com- 
manding ever increasing attention. 


*Civi! Engineer, 718 Overlook Road, Portland, Ore. 
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A Landing Cableway, Nome, Alaska 


The accompanying two views show in operation a cable- 
way which is used to transport both passengers and 
freight from steamships to the shore at Nome, Alaska. 
The view on the left shows a skipload of passengers be- 
ing brought in from the steamer lying in the offing. Fig. 
2 on the right shows a section of pipe being landed from 
the lighter in the near background which in turn has 
been brought in from the steamer just visible behind the 
pipe. The latter view was taken on June 22 and well 
illustrates the lateness of the season in this far northern 
seaport. 

The cableway was bailt some years ago for the John 
J. Sesnon Co., of Nome, Alaska. The company at the 
time operated steamers from Seattle and San Francisco 
to Alaskan ports and owned warehouses and a wharf on 
ihe beach at Nome. The beach slopes very gradually so 


a 


Fra. 1. Lanning Passencers BY CABLE- : 

: + Fic, 2. 
WAY FROM STEAMER AT NOME 

that vessels have to lie several miles off at sea and land 
their passengers by small boats or lighters. In onshore 
winds the sea is very rough and in the winter the waters 
freeze solid clear to the bottom for a long distance out. 
In order to provide a safe and continuously available 
method of landing, the company erected the cableway, 
part of which is shown in the views. 

This cableway spans between the sea tower illustrated 
and a shore tower not shown in the views. The shore 
or head tower is 125 ft. high and the sea tower is 85 
ft. high, the span between them being 1400 ft. A 21%4- 
in. cable is used and the capacity of the cableway as de- 
signed ig 10 tons. 

The sea tower is built on a concrete base, which, in 
turn, is footed on timber piles driven in about 10 ft. of 
water. The concrete section is in plan a hollow square 
with the side towards the shore omitted. The off-shore 
face of the square is 48 ft. long and 10 ft. thick with 
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corners thickened up to 12 ft. The side faces 
in length, 3 ft. thick and have corners 8 ft. sq 
tower is of timber. The sills and posts are 12\\ 
section while the bracing is made of 3x12- and 
timbers. The shore tower is of similar construct 
The tower and the cableways were built by the 
wood Manufacturing Co., of New York City. T 
pany has furnished several similar cableways for 
landings to various ports of the world, notably 
bor of Manaos, Brazil, and Tilo, Hawaiian Islay. 
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A Water-Purification Plant for East Liverpool, oni 
been ordered by the State Board of Health, after a « 
had been made by the local Board of Health and a 
hearing had been held, all as required by law. 17 
authorities responsible for the water-supply made nx 
tion to the proposed order. The plant must be insta 
Jan. 1, 1915, and its character must be satisfactory 
State Board of Health. 


LANDING A PIece oF PIPE OVER A FROZEN SEA 


Car Washing vs. Paint Preservation—M. B. 
Chemist, Detroit United Ry., in “Electric 
Aug. 9, 1913, gives results of an investigation of th 
methods employed by the company in washing th: 
cars. The following recommendations are offered which 
apply generally to the washing of any painted surface: (1) 
the maximum temperature for wash water should not ex- 
ceed 80 deg. F., and should be regulated by thermometer; (2) 
the use of too much soap may be avoided by supplying th: 
car-washing stations with a stock soap-solution of a strength 
equivalent to 1.5 oz. per gal. of water; (3) rinsing must fol- 
low the soaping immediately to avoid attack by the soap on 
the car surfaces; (4) soda ash or other equivalent alkali must 
not be used as it removes the paint; (5) cars must be wet 
down over the entire surface at least twice to assure t’ 
softening of the accumulated mud and sandy particles. 

In an article by E. W. Holst, Superintendent of Equip 
ment, Bay State Street Ry. Co., Boston, Mass., in “Aera,” the 
monthly publication of the American Electric Railway As- 
sociation, it is claimed that a new car properly painted, con- 
structed of first-quality material and re-shopped every 1. 
months should give at least five years’ service before re- 
painting becomes necessary. Half of the high maintenance 
cost is claimed due to decay and corrosion of wood and ste: 
caused by exposure and lack of attention. 


Smith, Chief 
Railway Journal, 
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has been stated before that most accidents are the 
ts of carelessness. A man was killed on August 14 
uncoupling two freight cars in the yards of the 
isville & Nashville R.R., Birmingham, Ala. While 
vas between the two cars a switch engine backed into 

m. It was not a remarkable accident; in fact, its 

ry-day aspect is its chief characteristic; but it repre- 
cents a class of casualties which should be outgrown. Any 
man who places himself between two cars which are 
standing on the tracks of a busy railroad yard, invites 
serious injury or death. In the case of the present acc!- 
lent he does more: this victim was a yard foreman and, 
wcording to press dispatches, he was directing a night 
switching crew. If such a man jeopardizes his life in 
the presence of his men, what can be expected of the 
latter ? 

We are reminded by this accident of the recent safety 
car exhibit of the New York Central Lines (noted in 
our issue of Aug. 14). The walls of the car were lined 
with many photographs depicting the right and the 
wrong method (as regards safety) for performing cer- 
tain operations in railroad yards; and the correct man- 
ner of coupling and uncoupling cars was one of the oper- 
ations considered. The work of educating employees in 
safety methods should be taken up by all the railroads. 
The expense involved would be trifling compared with 
the advantages accruing from a higher standard of em- 
ployee. The man who is careful of his body, which is 
his most valuable possession, may reasonably be expected 
also to be careful of the property of his employer. 
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The Control of Municipal Utility 
Rates 


A brief summary was given in last week’s issue of the 
main provisions of engineering interest in the very de- 
tailed public-service law recently put into effect in Penn- 
sylvania. The law gives the regulating commission 
broad powers over public utilities except as they may 
be owned by municipalities. In these cases the super- 
vision is confined practically to passing on the necessity 
of a new project and to requiring uniform systems of 
accounting and the maintenance of ample depreciation 
reserves. 

The hesitancy with which legislators, bold in their 
protestations about the need of controlling the utility 
corporations, take up the same wise control of similar 
municipal services is lamentable. Oftentimes, the need 
of commission regulation of municipal utilities is more 
pronounced than in the case of private corporate services, 
though the need usually arises from the very different 
— of incompetency, inexperience, irresponsibility and 
polities, 

With the utility corporations the real directors are 
largely those who have put their own funds into the bus- 
iness. Most such utilities are organized with some 40 
to 70% of the capital borrowed, so that the managers 


are spending their own money and taking good care (per- 
haps too good care) in most cases to preserve their in- 
vestment and earnings. With the municipal utility, the 
capital is all borrowed and the managers are not subject 
to the constant restraint of personal participation. 

If municipal ownership were as general as corporate 
control among all the utilities, perhaps its illogical and 
unfair rate systems would be more widely recognized. 
The greatest cause for complaint arises from the prices 
which the municipality pays for its own official ser- 
vices. For instance, in the case of an electric plant the 
street-lighting appropriations may be boosted to make 
cheap current for private customers. Sometimes the re- 
verse may be true, but frequently no one in authority 
knows whether the charge to the municipality is really 
above or below the cost of service. In the case of the water- 
works the burden of fire-hydrant service may all rest on 
the consumers and not at all on the tax payers. 

So far as we recall, Wisconsin is the only state in which 
the legislators have had the courage to impose the same 
burden on afl utilities alike and to ride the storm which 
the seekers of political privilege might raise; but the 
light of the Wisconsin results is not to be hid under a 
bushel, and it is only a question of time before the other 
States come to see the wisdom of such action. 
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A Second Defeat for State Aid for 
Municipal Sewage-Treatment 
Works in Pennsylvania 


The proposition to give state aid to municipalities or: 
dered to build sewage-treatment works has again met de- 
feat in Pennsylvania. This time a bill to that end actu- 
ally passed the legislature, carrving with it an appropri- 
ation of $1,000,000 ($500,000 a year for two years), but 
the bill was vetoed by the Governor. 

The bill as passed provided that whenever any mu- 
nicipality should find it necessary under the laws of the 
state to cease discharging [untreated] sewage into any 
of the waters of the state, and when plans for sewage 
treatment had been submitted to and approved by the 
State Commissioner of Health, then the governing body 
of the municipality might petition the auditor general 
for its pro rata share of any funds available for state aid, 
the distribution to be based on the relation of the cost 
of the particular works to the aggregate cost of all works 
receiving aid within the appropriation period. During 
construction of any state-aided sewage-disposal works the 
Commissioner of Heaith “through his engineers and as- 
sistants” would have had the right, had the bill become 
a law, “to direct and supervise the work and material 
used in order that the same may be up to and in accord- 
ance with the plans and specifications approved by him 
as required by this act.” The cost of this supervision 
would have been paid from the yearly appropriation of 
the State Department of Health, but would have been 
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collected from the amount due the municipality and re- 
turned to the department. 

We understand that the bill passed the legislature 
without opposition ; that the State Department of Health 
remained neutral on the subject; and that the gover- 
nor’s reason for vetoing it was lack of funds—the legis- 
lature having voted appropriations far in excess of the 
legal limit, leaving the Governor to pick and choose what 
items he would kill to bring the total within the law. 

There is something to be said both for and against 
state aid for municipal sewage disposal, but for the pres- 
ent the weight of the argument seems to be against the 
proposition. It is obvious to anyone who has noted the 
activity of the Pennsylvania Department of Health in is- 
suing orders to file plans for sewage treatment that if 
the orders were really to be enforced then $500,000 a 
year of state aid, distributed pro rata according to the 
cost of the various works, would be a mere drop in the 
bucket. Even that drop could not be provided this year 
through lack of funds. If the demand for state aid be- 


comes sufficiently great hereafter then presumably some 
other appropriations will be sacrificed to meet the de- 
mand, but before such sacrifices are made there is likely 


to be serious questioning as to whether state aid is after 
all wise and also whether Pennsylvania is not going too 
fast in demanding plans, for sewage treatment. 

As to the latter point, it is true that comparatively 
few of the demands for plans have been followed by an 
insistence that the plans presented and approved be exe- 
cuted. This leads to the question, Why demand plans if 
they are not to be carried out? It is, of course, highly 
desirable to have the sewage-collecting system and the 
outfall sewer so designed that sewage-treatment works 
may be subsequently installed at a minimum of expense, 
but beyond this the chatices are ten to one that plans 
for sewage treatment made this year but left unexecuted 
will be largely if not wholly remade five or ten years 
hence. Provision for the future is admirable but it 
should be kept within reasonable bounds. If municipali- 
ties are required to make plans for sewage treatment too 
far in advance of their execution or without due regard 
for both sanitary needs and financial capacity public 
opinion will be aroused and will not stop short with ef- 
forts to secure state aid. 


2 


Establishing a Uniteen City Datum 
by Precise Level Methods 


The work which the City of New York has recently 
completed in establishing a precise level net embracing 
the entire area of the city is worthy of the attention of 
every city engineer. Aside from the marking of street 
lines with sufficient care and accuracy to prevent en- 
croachments, which in business streets are expensive to 
remove, there is perhaps no part of city survey work 
more important and more appreciated by private engi- 
neers as well as municipal employees than a really ac- 
curate and systematic net of benchmarks, referred to 
some one definite datum plane. 

Six different datum planes have been in use by regular 
departments or bureaus of the New York City govern- 
ment, three different datums have been used by special 
hoards in charge of public work and at least two different 
datums by private authorities in charge of semi-public 
improvements. Very probably a similar situation exists 
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in nearly every large city. In such cases difficy 
always arise not only from the multiplicity of da: 
from a lack of knowledge of the precise relation . 
ence in elevation between them. Costly errors a) 
sure to result and an immense amount of othe: 
less computation must be gone through prior 
ing any comprehensive engineering constructio: 
entirely new system of levels and a new datu 
must be established. 

No engineer will question the usefulness and 
a systematic level net when it is possible to obt: 

How then is it to be established? Ordinary level; 
Y-levels, when carefully done, gives fairly good 1 
running duplicate lines, nearly equal back and for 
checking on the starting benchmark, and adjust) 
elevations by distributing the errors of closed | 
give what some engineers term precise results. — | 
sense the term is used in geodetic work, howev 

cise results cannot be obtained with an ordinary \ 

set up in the sunlight, and using a target rod an 
miscuous turning points. Really precise results, t! 
where the limit of error is less than 4.0 mm. KA (Ks 
the length of level line in kilometers), cannot be syst 
matically obtained except with a level designed for jr 
cise work and by the use of special methods. 

With the exception of a few of the larger cities (0 
tably Baltimore and St. Louis), hitherto practically aj 
such systematic precise leveling has been in charge of the 
U. 8. Coast & Geodetic Survey or Geological Survey oli 
cers, or by special engineers of a few great railway com 
panies—by men who have had a careful preliminary 
training in geodetic surveying. The average city engineer 
has been retuctant to try precise level methods, either from 
a feeling that such methods were an unnecessary reine 
ment for his purposes, or from a mistaken notion that 
the field and office work is unusually laborious and ditli 
-cult for inexperienced employees. 

However, it must be borne in mind that most of the 
precise level nets established by the government engi 
neers have been made by different parties and have cov- 
ered very large areas, and consequently have involve: 
a greater amount of adjustment computations than such 
work as has been recently done by the City of New York. 
How easy it is to get highly satisfactory results with a 
party not previously trained in this class of work, pro- 
vided sufficient care and good judgment are used, wil! 
be appreciated by every reader of Mr. Koop’s paper before 
the Municipal Engineers of the City of New York, ab- 
stracted elsewhere in this issue. That such accurate re- 
sults are desirable when not achieved at excessive cost or 
by unusual skill will be readily admitted; and the New 
York City work offers an excellent example of how it can 
be done. 

The work that the society, the Municipal Engineers of 
the City of New York, has accomplished in bringing 
about this precise level survey is highly commendable. 
This was one of the earliest activities of the society, an‘ 
so far back as 1906 a committee was at work compiling 
a list of the different datum planes, their accepted ele- 
vations and their differences in elevation. The society 
consistently urged the attention of the proper authori- 
ties to the need of establishing a precise level net ani! 
in the end has been the indirect means of obtaining it. 

While this particular society is composed wholly of 
men in the municipal service, and hence peculiarly inter- 
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‘n having a reliable system of benchmarks, every 
‘ocal engineering society could, to a greater or less 
:. do a vast amount of good and utilize a great deal 
‘plus energy in a perfectly legitimate field by aid- 
oth directly and indirectly, to systematize and sim- 
the city survey work of their communities. 

3 
‘he Diminishing Timber Supply and 
Municipal Forests 


‘More than four years have elapsed since President 
oosevelt’s Conservation Commission submitted its re- 

vt. Before that time and since then, public attention 
as been both spasmodically and periodically riveted on 
ihe diminishing timber supply and the need for conser- 
vation of forests. Some good work in forest conservation 
has been accomplished both by public authorities and by 
large private lumber companies, but in large degree the 
same old reckless methods of lumbering still prevail, the 
annual fire loss through carelessness and makeshift con- 
struction is still appalling, and today we are constantly 
wetting nearer the end of the existing timber supply 
without having made much progress toward postponing 
its apparently inevitable end. 

So long as the price of common lumber does not make 
any extraordinary advance and a sufficient supply is 
available for present needs, it is, and will be, practically 
impossible to impress upon the everyday user of lum- 
ber that the time <s inevitably coming when he must 
either find a substitute or pay high for forest products. 
Engineers have indeed already come to a more or less 
full realization of the scarcity of timber suitable for 
many kinds of construction; and concrete, tile, steel, 
fiber and other materials are now able to compete with 
timber for these purposes. Yet for many purposes lum- 
ber still holds, and in all probability will continue to 
hold, its own. According to the United States Census 
jureau, over one-half the lumber cut still goes into 
frame buildings and rough construction, about one-tenth 
into boxes, one-twentieth into car construction, and the 
remaining one-quarter into other uses. For many of 
these purposes wood will continue to have more and more 
competitors, which will tend to neutralize the increasing 
demand for lumber; and hence an extraordinarily rapid 
rise in prices is not likely to come until the timber sup- 
ply in large privately owned stands is practically ex- 
hausted. 

According to estimates of the United States Bureau 
of Corporations, the present stand of merchantable tim- 
ber in this country will not last 60 years at the present 
rate of consumption. The consumption has remained 
practically constant for six years and is not likely to be 
materially reduced so long as common lumber does not 
reach prohibitive prices; which is not probable while 
a large portion of the available standing timber is owned 
by individuals or private corporations, who under the 
present system of taxation, can neither afford to keep the 
capital invested indefinitely or to run the risk of having 
their standing timber destroyed by forest fires by hold- 
ing the forests in reserve. 

The present rate of forest growth is only one-third of 
the rate of consumption. Since 1850 the center of the 
lumber industry has moved steadily westward, from New 
York to Pennsylvania, to Michigan, to Wisconsin, to 
Minnesota, to Washington. There can be no further 
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westward movement; the shifting of the centers of pro 
duction in the last 60 years shows all too graphically the 
change in timber resources. 

In view of these facts the proposal of the city of Seat 
tle to create a municipal forest of nearly 140 sq.mi., 
which will not only furnish protection to the water-sup 
ply of the Cedar Lake drainage area, but also become a 
valuable asset and a source of revenue, will be regarded 
with interest by all true conservationists, not because 
of the novel y of the scheme, for many other American 
cities have already forested their water-supply water 
sheds, but because of the scope of the project and the 
probability of a large profit from the sale of forest prod 
ucts. 

While few cities own so large or so favorably situated 
a watershed as that of the city water-supply of Seattle, 
there are in the vicinity of the water-supply reservoirs 
of many cities, towns and communities thousands of acres 
of denuded land, now practically useless, which could 
be converted into real public assets by coéperative effort. 

There is nothing new or novel in municipal forests. 
They have proved to be important sources of revenue to 
Kuropean cities. According to a report of the Ameri- 
can Civic Association, in the single province of Baden, 
Germany, out of 1564 towns or communities, 1350 own 
their own forests; and in addition, 287 other public cor- 
porations, such as schools, churches and hospitals, own 
forest lands. The city of Baden alone, in 1909, owned 
10,576 acres, from which it had, up to that time, de- 
rived a net revenue of $66,079. Massachusetts, and pos- 
sibly other states in this country, have laws authorizing 
forest culture by townships. 

In many states (including Washington), however, pri- 
vate forest lands are stil] taxed under the general prop- 
erty tax, a method long abandoned by European nations, 
instead of by a small annual tax (or none at all) on the 
land itself, exclusive of the value of the timber, and a 
tax up Tthe timber when cut. Under the general property 
system of taxation individuals or private corporations 
will never invest large sums in reforestation, or take up 
forest culture as a commercial proposition. Such a sys- 
tem of taxation also works to prevent the perpetuation 
of present stands—a point clearly brought out in the 
Seattle investigation. 

In the Seattle report it is estimated that the cost of 
growing timber to private parties at the end of the 70- 
year period would be nearly double that to the munici- 
pality, accounting the imtial cost of the land at $2.50 per 
acre and taxes at 1% of real value (the present rate of 
taxation in Washington). Private corporations must also 
pay a higher rate of interest on invested capital and run 
a greater risk from forest fires, since they are not in a 
position to establish so efficient and complete a patrol 
system or to enforce the laws against careless campers 
and hninters. 

It will take a long time to prove the truth of the 
prospects held out in the Seattle report on the reforest- 
ation of the Cedar River watershed, but it is to be hoped 
that both it and other cities will have faith enough in 
the future of forestry in the United States to embark 
on similar enterprises wherever local conditions seem to 
warrant it; for the time is surely coming when good 
timber of many desirable kinds will be very scarce and 
very high in price. Meanwhile the value of forests as 
public parks and recreation grounds furnishes an addi- 
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tional argument in their favor, and there are still many 
who believe that forests conserve water and soil, to say 
nothing of those who think, as the report of the Conser- 
vation Commission stated, that forests “abate the winds 
and give protection from excessive heat and cold.” 

% 


An Ambitious River Regulation Plan 


The widespread damage done by the recent Spring 
floods in the Middle Western States, and the subsequent 
agitation for a centralized supervision of the flood plains 
of the United States, has borne fruit in a bill introduced 
in the Senate of the United States by Senator New- 
lands, of Nevada, on July 14 of this year. The bill was 
read twice and then ordered to lie on the table. While 
it is extremely improbable that the press of business in- 
volved in the currency and tariff bills will allow any 
further consideration of the Newlands bill at this ses- 
sion, the bill is very interesting as an indication of pro- 
posed legislative action. 

The title of the bill reads as follows: 

A Bill—To create a Waterways Commission and a Board 
of River Regulation to promote interstate commerce by the 
development and improvement of the rivers and waterways 
and water resources of the United States and the coérdina- 
tion of and cotperation between rail and water routes, and 
by providing a fund for the regulation and control of the 
flow of rivers and for the maintenance at all seasons of a 
navigable stage of water in waterways and for the connec- 
tion of rivers and waterways with the Great Lakes and 
with each other, and as a means to that end to provide for 
flood prevention and protection and for water storage and for 
the beneficial use of flood waters for irrigation and water 
power and for the conservation and use of water in agricul- 
ture and for the protection of watersheds from denudation 
and erosion and from forest fires and for the coéperation in 
such work of Government services and bureaus with each 


other and with States, municipalities, and other local 
agencies, 


The bill first provides that the sum of $60,000,000 be 
appropriated annually for each of the ten years following 
July, 1913, to be expended in a so called River Regu- 
lation Fund, which, in the words of the bill, 


is to be used to promote interstate commerce by the de- 
velopment and improvement of the rivers and waterways of 
the United States and their connections with the Great 
Lakes and with each other, and by the cotrdination of the 
cobperation between rail and water routes and transporta- 
tion, and the establishment and maintenance of adequate 
ternrinal and transfer facilities and systems and their main- 
tenance, improvement, and protection, and by the making of 
examinations and surveys and by the construction of engi- 
neering and other works and projects for the regulation 
and control of the flow of rivers and their tributaries and 
source streams, and the standardization of such flow, and 
by the maintenance of navigable stages of water at all 
seasons of the year in the waterways of the United States, 
and by preventing silt and sedimentary material from being 
carried into, and deposited in, waterways, channels and har- 
bors, and by the conservation, development, and utilization of 
the water resources of the United States, and by flood pre- 
vention and protection, through the establishment, con- 
struction, and maintenance of natural and artificial reservoirs 
for water storage and control, and the protection of water- 
sheds from denudation, erosion and surface-wash and from 
forest fires, and the maintenance and extension of wood- 
land and other protective cover thereon, and the reclamation 
of swamp and overflow lands and arid lands and the build- 
ing of drainage and irrigation works in order that the flow 
of rivers shall be regulated and controlled not only through 
the use of flood waters for irrigation on the upper tribu- 
taries, but also through controlling them in fixed and es 
tablished channels, in the lower valleys and plains, and by 
doing all things necessary to provide for any and all bene- 
ficial uses of water that will contribute to its conservation 
or storage in the ground or in surface reservoirs as an aid 
to the regulation or control of the flow of rivers, and by 
acquiring, holding, using, and transferring lands and any 
other property that may be needed for the aforesaid purposes 

. . ». and by securing the codperation therein of States, 








NEWS Vol. 70, No. 10 





municipalities, and other local agencies, as hereinafter 

forth, and for the payment of all expenditures provided 

in this Act; the ultimate purpose of this Act being the ma 
tenance at all times of a navigable stage of water in 
inland waterways, and flood prevention and protection i 
river regulation and the control of the volume of water for: 
ing the stage of the river from its sources, so as to standa: 

ize the river flow, as contradistinguished from the supple 
mental to channel improvement as heretofore underta} 

and provided for under the various Acts commonly kno 
as river and harbor Acts. 


For the administration of this fund, there is to 
created a Waterways Commission, consisting of the Pr 
ident of the United States, who shall be Chairman of + 
Commission with the power of veto, the Secretary « 
War, the Secretary of the Interior, the Secretary of Av: 
culture and the Chairman of the Board of River Regu 
tion, whose duties are noted further along in the i! 
the Chairman of the Interstate Commerce Commissic 
and the Chairman of the Panama Canal Commissio; 
are to be ex-officio advisory members of the Waterway 
Commission. In ‘addition to the Waterways Commi 
sion, a Board is to be created, known as the Board 
River Regulation, consisting of the Chief of Enginee: 
of the United States Army, the Chairman of the Miss 
issippi River Commission, the Director of the Unite 
States Geological Survey, the Director of the Reclama 
tion Service, the Chief of the Bureau of Plant Indust: 
of the Department of Agriculture, the Secretary of tli 
Smithsonian Institute, one civil engineer, one sanitar\ 
engineer, one hydro-electric engineer, one expert in 
transportation, and a chairman of the Board. The Jas 
five are to be appointed by the President, and are to re 
ceive an annual salary of $10,000, except the Chairman, 
who is to receive $12,000. The remainder of the Board 
are ex-officio members. The five members of the Boar: 
appointed by the President constitute an executive com- 
mittee, which is to have a general supervision of the op 
erations of the Board, under rules and regulations to b« 
established by the Waterways Commission. The Board 
is to prepare all plans and estimates for the expenditure 
of the money, and these estimates are to be approved by 
the Waterways Commission. 

A section of the bill provides that wherever possible 
the Board of River Regulation shall encourage the co- 
operation of states, municipalities, public and quasi-pub 
lie corporations, towns, counties, districts, communities. 
persons and associations, in the carrying out of the pur- 
poses and objects of the Act, and shall in every case en- 
deavor to sécure financial codperation of these agencies. 
to an extent at least equal in amount to the sum ex- 
pended by the United States. The authority is vested 
in the Board to negotiate the arrangements for the ap- 
portionment of the work, cost and benefit between these 
various agencies and the United States. It is a further 
duty of the Board to codrdinate in the various scientific 
and constructive bureaus of the United States with each 
other and with the representatives of states, municipali- 
ties, etc., carrying out the purposes of the Act, and the 
Board is to have authority to call upon any other Fed- 
eral department or bureau for help, the Board being au- 
thorized to defray the expense of such investigation. 

The wide duties of the Board are embraced in the fol- 
lowing paragraphs: 

The Board of River Regulation shall develop, formulate, 
prepare, consider and determine upon comprehensive plans 
for the conservation, use, and development of the water and 
forest resources of the United States in such manner as will 


best regulate the flow of rivers and thcir tributaries and 
source streams, and the stage of water in inland waterways, 
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ynfinement of all rivers and waterways at all times 
ced and established channels, and embracing; with 
ct, the construction of levees and revetments and 
« necessary for the fixation of channels and flood 
n, drainage, and the reclamation of swamp and over- 
ds; water storage in natural and artificial reservoirs; 
eficial use of waters for irrigation and for all do- 
municipal, and industrial purposes; the maintenance 
velopment of underground water-supplies and the 
ef water in the ground and in irrigated lands and 
ound reservoirs; the enlargement of the areas and 
of the levels of the ground waters; the construction 
a-water canals, by-passes, and restraining dams; the 
and regulation of drainage and the replenishment 
treams by return seepage; the perpetuation of forests and 
‘ ntenance of woodland cover as sources of stream flow; 
sh prevention of denudation and erosion; the protection of 
nels and harbors from eroded soil materials; the clari- 
fi tion of streams; the utilization of water power; the pre- 
vention of the pollution of streams and rivers; the sani- 
tary disposal of sewage and purification of water-supplies; 
the best distribution of forests, woodlands, and other growth, 
and of cultivated and irrigated areas in their relation to 
river flow; the protection of forested and woodland areas 
from destruction by fire or, insects; the deforestation of de- 
nuded areas; the planting of forests and establishments of 
forest plantations; the preservation and planting of wood- 
lands and any other growth and protective cover on water- 
sheds; the increase and development of the porosity and 
absorbent qualities and storage capacity of the soil upon 
which rain or snow may fall; the making and furnishing of 
plans for floodwater storage and other works for irrigation 
and power for farms, towns and villages; the acquisition, 
subdivision and settlement in small, intensively cultivated 
farms of lands for water storage by irrigation; the building 
of of the irrigation systems for such lands, including reser- 
voirs, dams, canals, ditches, and all necessary works; the 
protection of farms, villages, towns and municipalities from 
damage by freshets and overflow; and the impounding of 
flood waters in artificial lakes and storage reservoirs to pre- 
vent floods and overflows, erosion of river banks, and breaks 
in levees, and to regulate the flow of streams and reénforce 
such flow during drought and low-water periods, the ulti- 
mate object of all such work being to regulate and, so far 
as possible, standardize the flow of rivers and their tribu- 
taries and source streams, and in the accomplishment of 
that object to induce and secure the codperation of States, 
municipalities, districts, counties, towns, and other local 
agencies and organizations. 


The various other governmental bureaus or depart- 
ments represented on the Board, are each to have their 
respective duties. Thus, the Smithsonian Institution is 
expected to collate all available information of interest 
to the work of the Board, and for that purpose is al- 
lotted $1,000,000 per year out of the $60,000,000. The 
Bureau of Plant Industry is to study the soil and pro- 
duction of crops through the use of water as a fertilizer, 
the relation of water to successful crop production, ete., 
and is to have $6,000,000 per year. The Forest Service 
is to have charge of all that part of the work bearing 
upon the relation of forests to the various problems under 
consideration, and is to have $10,000,000 per year, one- 
half of which is to go toward the purchase of forest re- 
serves. The Geological Survey is to have charge of topo- 
graphic and geological surveys of interest to the Board 
and Commission, for which service it is allotted $3,000,- 
000 a year. The Reclamation Service is to utilize the 
experience obtained in the construction of irrigation 
work, as information for the Board, and is to codperate 
with works of that sort undertaken by the Board, partic- 
ularly the reclamation of land by irrigation, drainage, 
or both, for the building of irrigation and drainage sys- 
tems to aid in the regulation or equalization of the flow 
of rivers. For this pupose, the Reclamation Service is 
allowed $20,000,000. The Corps of Engineers of the 
United States Army is to present to the Board or pro- 
pose plans for works to be built under the Act, and, 
under the direction of the Waterways Commission, is to 
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supervise the construction of such works, directed toward 
the control and regulation of the flow of rivers and not 
toward the increasing of their navigability, it being pro- 
vided that the Corps is still to be in charge of any work 
provided for by Congress under a separate River and 
Harbor Bill appropriation. For its part of the work, 
the corps of engineers is allotted annually $20,000,000. 
This uses up the entire $60,000,000 annual appropria- 
tion provided for in the Aet. 

In order to prevent as far as possible the methods now 
in force in public buildings and river and harbor work, 
the bill provides for equitable apportionment and con- 
temporaneous execution of works among the several 
waterway systems in the United States; that is, the $60,- 
000,000 annually is apportioned as follows, the divisions 
being more precisely specified in the bill than here. 

To the Appalachian and Atlantic regions, $10,000,- 
000; the drainage basin of the Ohio River, $10,000,000 ; 
the drainage basin of the Mississippi River above St. 
Louis, $5,000,000 ; the Mississippi River below St. Louis, 
$10,000,000; the Missouri River and tributaries, $10,- 
000,000; the Colorado River, $5,000,000; the Sacre- 
mento and San Joaquin Valley, $5,000,000; the Colum- 
bia and Snake Rivers, $5,000,000. 

The President is further authorized, in case there are 
insufficient funds to provide the $60,000,000 annual 
fund, to issue bonds bearing interest at the rate of 3% 
per annum, payable semi-annually, running for a period 
not exceeding 30 years. 

It is evident from this resumé of the main points of 
the Newlands Bill, that it is a most ambitious project. 
If enacted, it would create a government engineering 
corps of great size and wide powers. It would approp- 
riate for each of the next ten years, twice as much money 
as has been averaged in appropriations for the river and 
harbor work of this country in each of the past ten 
years. It would correlate all of the talent of the scien- 
tific bureaus of the Federal government, whose efforts, if 
rightly directed, would surely, Lefore the end of the ten 
years allotted, have a most desirable influence upon river 
regulation troubles in this country. 

In spite of this the bill should not be enacted. To be 
specific, the Newland’s Bill is faulty because it seeks to 
appropriate so large a sum at a time when an economy- 
exploiting Congress is engaged in passing a revenue-re- 
ducing tariff bill; because it assumes that the subject of 
river regulation is inextricably woven up with reservoir 
control, forest increase and ground-water elevation, all 
subjects of the most controversial nature ; because it lays 
upon the Federal government the administration of many 
constitutionally doubtful duties and, finally, because it 
is most uncertain in its clauses as regards the codpera- 
tion in costs and benefits between the Federal and the 
minor governments. Several pages of the bill are de- 
voted to this matter of codperation, but careful reading 
fails to show just how the Board or the Commission is to 
apportion the benefit or to divide the cost. With the gov- 
ernment at Washington appropriating $60,000,000 each 
year, it can easily be seen how hard it will be to get 
any of the individual communities, counties or States 
voluntarily to put in very much money to help out the 
“widow’s cruse of oil” at Washington. In addition the 
whole plan has a defect inherent in all Federal. approp- 
riations; that is, the opportunity for political skulldug- 
gery in the apportionment of the appropriation. While 
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an attempt has been made to avoid this trouble by a fair 
division of the “pork barrel,” the subdivisions are still 
so large that the influence of prominent congressmen will 
be too great, and the bargaining back and forth between 
various parts of the country will become as indecent in 
the river regulation field as it has already in the case of 
public buildings and rivers and harbors. 

The trouble with the bill is that, like Cwsar, it is too 
ambitious. Everyone who has made a study of the flood 
problem in the United States realizes that a comprehen- 
sive plan for the regulation of the rivers of the country 
is a future necessity. Sporadic efforts by local authori- 
ties can only result in temporary and local improvement, 
which surely fails when large areas are subjected to 
highly supernormal natural conditions, such as existed 
over the Mississippi and Ohio Valleys in the Spring of 
1913. But to provide such a comprehensive plan is no 
easy task; certainly it cannot be done by mere legisla- 


LETTERS TO 


Concerning the Designer of the 
Poughkeepsie Bridge 


Sir—The statement made in your issue of Aug. 7, p. 
276, that the late Robert Escobar was the designer of 
the Poughkeepsie Bridge over the Hudson River is in- 
correct. The Poughkeepsie Bridge contract was awarded 
to the Union Bridge Co. on an estimate of cost and plans 
prepared by the members of the firm (Thomas C, Clarke, 
George 8S. Field, Edmund Hayes, C. 8. Maurice, Charles 
Kellogg and Charles Macdonald were the founders and 
proprietors of the Union Bridge Co.) in New York 
City. This, of course, involved the proportioning of the 
piers and the general arrangement of the trusses as con- 
tinuous spans. 

The work of preparing the detail plans of the super- 
structure was carried out under the direction of Joseph 
Mayer (now Principal Assistant Engineer of the Quebec 
Bridge Commission, Montreal, Que.) in the Buffalo office 
of the firm. The late Robert Escobar had nothing what- 
ever to do with that work, and Mr. Mayer is entitled to 
the credit of working out satisfactorily the part of the 
structure which was placed in his charge, but he is not, 
of course, responsible for the original conception. 

Mr. Escobar was in my employ some years before the 
Union Bridge Co. was formed and remained under my 
particular direction until the absorption of the Union 
Bridge Co. by the American Bridge Co. in 1900. He 
had somewhat similar work to do in connection with the 
Hawkesbury Bridge in Australia that Mr. Mayer had 
on the Poughkeepsie Bridge, but Mr. Escobar’s work was 
conf.ued entirely to the mathematical questions involved. 
He was a brilliant mathematician, and in the early days 
of bridge designing, when the determination of stresses 
was not so generally understood as it is now, he was an 
admitted authority. He was continually evolving new 
and subtle methods of arriving at results; and I never 
knew him to make a mistake. He should be remembered 


tive enactment, or by the casual writing of suc! 

The engineering details of the control of o: 
while not simple, are part of the technical eq 
of the profession. When that one river is m 
by a hundred, the technical difficulties increase, | 
beyond the powers of the engineer, especially a. 
the worthy example of several European cows: 
study. But when those hundred rivers are par 
trolled by at least fifty different political unit 
clamorous for benefits and each sensitive of its | 
tives and laws, the problem passes out of the eny 
hands into the lawyer’s and economist’s. 

Any action by Congress in this important 
ter would better be taken as a result of a report after , 
careful investigation by a body of experts, engine 
legal and economic, and not be the snap appropria: 
of sixty millions of dollars to be devoted to the vs 
and at the same time the most general of activities 
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Hunan 


as an eminently successful scientific investigator of the 
principles involved in bridge construction. 
CHARLES MAcDONALD. 
Aug. 18, 1913. 


[We are very glad to give space to Mr. Macdonald’s 
letter correcting the errors of our previous article and 
doing justice to Mr. Mayer, whose connection with the 
Poughkeepsie Bridge design had temporarily escaped our 
memory. The statements which Mr. Macdonald corrects 
were made on what we believed to be first-class authority, 
and we regret that in making them we should have been 
unconsciously unjust to another engineer. Let us take 
this opportunity to impress upon our readers their obli- 
gations to the profession, and to the memory of their de- 
ceased co-workers, in placing on record some authentic 
record of those engineers who have helped to make the 
history of engineering.—Eb. } 


-NOTES AND QUERIES 


The size of steam pump used for the hydraulic sluicing 
jets on the dipper dredge described in our issue of July 31 
(p. 197) was given as “9%x10x12 in.” This should be 9xl4x 
10x12 in. 


In the table at the top of p. 283, “Engineering News,” 
Aug. 14, 1913, in D. A. Watt's article on the “Operation of the 
.Johawk River Bridge Dams,” the note on “Foundations” of 
Dam No. 4, at Scotia, should have read as follows: 


Piers and cutoff wall on hard pan; all other portions in 
sand and gravel without piles, except that piles are used un- 
der the guide walls. 


The Street-Lighting Contracts of the city of Philadelphia 
for the coming year will be arranged on a basis of payment 
according to the illumination rather than the lamps use 
or energy or fuel furnished. As noted in “Engineering News.” 
June 5, 1918, p. 1197, under the direction of Hollis Godfrey. 
Chief of the Gas Bureau, the present administration equippe! 
a portable (automobile) photometric laboratory which ws 
used around the city to determine the degree of fulfillment 
of the old contract specifications. 
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‘yphoid Fever in Large American 
Cities 
By Gworce A. Jonnson* 


ne decrease im typhiod fever in large American cities 
hes been Very marked in recent years, and is largely due 
to the splendid advances which have been made in the 
ceneral betterment of public water-supplies. Doubtless 
munch credit must be given to improvement of sanitary 
conditions in general, and doubtless also a better under- 
standing of the disease from the standpoint of medical 
treatment is responsible for the considerably lower mor- 

ity. 

2 Recent correspondence with the health officials in the 
jarcer American eities has furnished fairly complete ty- 
phoid-fever statistics through the year 1912. The data 
thus far received from cities having in 1910 populations 
of over 100,000 are given in detail in Table I, and for 
convenience in discussing the effect of purification of the 
water-supply om the typhoid death rate, these data are 
also brought tegether in other places in such tabular or 
diagrammatic form that the effect of all forms and of each 
individual form of water treatment may be seen at a 
rlance. 
. In the first column of Table II are included statistics 
from cities which, up to the close of the year 1912, had 
no form of artificial purification of their water-supplies. 
In the next column are contained the statistics from al! 
cities using in 1912 some form of artificial purification, 


*Consulting Engineer, 150 Nassau St.. New York City. 
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whether clarification, sterilization, or filtration through 
slow or rapid sand filters. Statistics from cities steri- 
lizing their water-supply are given in the next column. 
The next two columns contain statistics from cities em- 
ploying, in 1912, filters of the slow sand and rapid sand 
types, respectively. The last two columns include three 
selected cities, mentioned further on. The figures given 
in Table II are plotted in the accompanying diagram. 

The inference is not to be drawn from the statistics 
presented in this table that the data are of value as show- 
ing precisely the effect of any particular method of puri- 
fication employed, but rather the general effect of water 
purification. During the period covered by these figures 
many purification plants were installed, but not neces- 
sarily during the same year. 

The year 1910 was a bad one for typhoid fever. There 
appears to have been a “wave” of this disease which was 
widespread in its effect, nearly one-half of the large cities 
having an abnormally high amount of typhoid fever 
during that year. In a number of cities sharp epidemics 
of this disease broke out, as at Kansas City, Milwaukee. 
Minneapolis and Omaha, and the installation of steri- 
lization plants for the water-supplies of these cities fol- 
lowed promptly. This “typhoid wave” phenomenon is 
responsible for the high typhoid fever death rate in 1910, 
and particularly among the cities which are now using 
water sterilization plants. 

A number of large filtration plants have gone into 
service during the past five years, and their salutary effect 
on the typhoid-fever death rate is clearly shown. More 
definite information on this point is contained in the last 


TABLE L. TYPHOID FEVER DEATH RATE PER 100,000 POPULATION LIVING IN CITIES OF OVER 100,000 POPULATION 





Population Average for 
City in the years 

1910 1900-1905, incl. 1906 1907 1908 21909 1910 1911 1912 Source of water-supply Purification of water-supplyt 
Allegheny, Pa.*.......... 150,000 107 136 97 40 28 42 39 9 Allegheny River Sterilization 
Albany, N eckaws 100,253 25 2 20 11 «WD 15) «18 18 Hudson River Slow sand filtration 
Atianga, GO. ci... 0. -0 0s 154,839 65 5 64 47 44 #43 «£56 35 Chattahooche River Rapid sand filtration 
Baltimore, Md.... .. 558,845 36 34 6 6410«631)0C os 2BsCiCi4s—s2HKKE—“a2_s——s« Gunpowder Cr. and Jones Falls Sterilization 
Birmingham, Ala........ 132,685 50 39 #71 6&4 44 44 38 Cahaba River Rapid sand filtration 
Boston, Mass...........- 585 23 2 10 206 Ms s 9 Impounded streams None 
Bridgeport, Conn......... 102,054 15 10 13 #13 «68 9 4 8 Poland River impounded None 
Buffalo, N. Y 423,715 29 24 2 21 #283 #%2W 25 11 Lake Erie None 
Combetdge Magas......... 104,839 18 18 10 =W 9 12 4 4 ag roe streams None 
Chicago, il. ..++ 2,185,283 27 i. a Be a DD 7 Lake Michigan One-fourth sterilized 
Cincinnati, O............ 363,591 54 71 46 19 13 6 11 7 Ohio River Rapid sand filtration 
Cleveland, O............. 560,663 51 nn Bae BB 6 6 Lake Erie Sterilization 
Columbus, O............. 181,511 61 45 38 110 17 17 #14) 19 Seioto River Rapid sand filtration 
Dagett; Ghicesss'stescasas 116,577 29 28 38 16 «24 18 18 17. Driven wells None 
Denver, Colo............ 213,381 37 68 67 58 24 28 17 13 Platte River and Marston Lake Infiltration galleries, slow and 

rapid sand filters 
Detroit, Mich............ 465,766 17 2 23 2 19 20 16 19 Lake St. Clair None 
Fall River, Mags......... 119,295 19 8 18 13 14 13 15 16 No. Wattupa Pond None 
Grand Rapids, Mich..... . 112,571 34 39 «30 0 «6©30)06«617)0 «2620S 25S 31S Grand River Rapid sand filtration 
Indianapolis, Ind SA 233,650 76 a > | a) 17 White River and wells Slow sand filtration 
Jersey City, N. J ; 267,779 19 20 4 #10 «8 12 s 8 Rockaway River impounded Sterilization 
Kansas City, Mo 248,381 48 38 40 35 23 43 24 =12 Missouri River Sterilization 
Los Angeles, Cal 319,198 35 18 23 19 18 12 13 = 12 Los Angeles River and wells Infiltration galleries 
Louisville, Ky. 223,928 55 638 79 49 43 31 25 #19 Ohio River Rapid sand filtration 
Lowell, Mass. . 106,294 19 7 aes SE 6 9 Driven wells None 
Memphis, Ten 131,105 37 39 35 %33 41 «#28 61 «+56 Wells None 
Milwaukee, Wis. 373,859 19 31 26 17 21 46 19. 23 Lake Michigan Sterilization 
Minoeapolis, Minn ey 301,408 38 3 8B 18 wD SS ill 11 Mississippi River Sterilization 
Nashville, Tenn......... . 110,364 54 66 85 62 53 48 j51 29 Cumberland River Coagulation-sedimentation 
Newark, N. Wad anid dee 347,469 17 18 2 12 iN 13 «10 7 Pequannock River impounded None 
Now Haven, Conn........ 133,605 44 4H DW BMH DW 18 %® 24 Lakes Slow sand filtration (Lake Whit- 
ing only) 

New Orleans, La......... 339,075 40 30 56 «31 «25 )«63206«630)06(13) Mississi: ippi River Rapid sand filtration 
New York, N. Y......... 4,766,883 19 15 17 12 #12 «12 ~=«11—=«©10 Croton River impounded Sterilization 
Oakland, Gal... 002. 22: 150,174 19 26 28 #18 7 13 13 19 Impounded Ranid sand filtration 
Quneh Pec dinves:0cs <e 124,006 20 32 64 2 = «Ol 89 17 412 Missouri River Sedimentation and sterilization 
Paterson, N. J........... 125,600 25 oe 10 5 7 5 7 Passaic River Rapid sand filtration 
Philadelphia, Pa... ... .. 1,549,008 47 74 6 36 22 #17 «2114 = 12 Delaware and Schuylkill Rivers Slow sand filtration 
Pittsburgh, Pa.*......... 410,000 132 141 135 53 13 12 W 6 Allegheny River Slow sand filtration 
Portland, Oem. 3i:. ere 207,214 s 25 33 24 2 23 #18 17 «#Bull Run River None 
Providence R.I......... 224,326 20 19 8 16 12 17 «14 « 10 Pawtucket River Slow sand filtration 
Richmond Va........... 127,628 66 4 #41 5O 24 22 17 += «15 James River Coagulation-sedimentation 
Rochester N. Y.......... 218,149 15 .. we 9 14 #=11 £12 Hemlock Lake None 
St. Louis, Mo........... 687,029 33 18 16 15 15 13 «10° 18 Mississippi River Coagulation-sedimentation 
St. Paul, Minn........... 214,744 4 a: 2: ee ee. BDU 9 Lake artesian wells None 
San Francisco, Calif..... . 416,912 20 : 57 27 17 «+15 «16 = «14 Impounded Filtration—aeration 
Scranton, Pa............. 129,867 18 i? a 2 6 6M Ue 9 Impounded Rapid sand filtration 
Seattle, Wash............ "194 48 22 23 4 10 #8 C Lake and River None 
Spokane, Wash.......... 104,402 47 38 40 #32 «#432 «637 «617 Dug wells None 
Syracuse, N. ¥.0..cccees 137,249 14 10 16 15 #12 #2 #15 = 16 Skaneateles Lake None 
Toletins, isos siien cess cx 168,497 36 45 36 40 31 37 22 31 Maumee River Rapid sand filtration 
Washington, D. C........ 331,069 59 52 36 39 33 25 22 23 Potomac River Slow sand filtration 
Worcester, Mags......... 145,986 17 12 4 10 8 16 7 3 Brooks and pond None 


*Anegheny and Pittsburgh 
rapid filters are of the gravity type. 


are now combined in Greater Pittsburgh. The rapid sand filtration plant at Atlapta, Ga., is of the pressure type; all the other 
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two columns of Table II, wherein are given the results 
from three representative, modern slow sand filters, and 
the same number of rapid sand filters of modern de- 
sign. 

It was only a few years ago that a typhoid-fever death 
rate of 20, or less, per 100,000 population living, was 
considered a fairly reliable indication that the public 
water-supply was of satisfactory hygienic quality. Nine- 
teen (37%) out of a total of 51 American cities of 
over 100,000 inhabitants had such a typhoid death rate 
in 1906, among a total population of 10,887,000; 
and 9 of the 19 had untreated water-supplies. In 1912 


TABLE II. 


the average typhoid-fever death rate in these 19 cities 
was 10. 

In 1912, in the 51 cities under discussion, and includ- 
ing a total population in 1910 of 20,337,000, the average 
typhoid-fever death rate was 15 per 100,000 population. 
In the same cities in 1906 it was 35. It must be remem- 
bered that this difference means about 4000 less lives lost 
from typhoid fever, and some 56,000 less people suffering 
annually from the disease in these cities. 

Let us for the purpose of discussion retabulate the 
statistics for the 9-year period, 1900-1908, inclusive, and 
the 4-year period, 1909-1912, inclusive (see Table III). 


TYPHOID FEVER DEATH RATE PER 100,000 IN AMERICAN CITIES HAVING POPULATIONS IN 1910 OF 100,000 OR MORE, 


SHOWING COMPARATIVE STATISTICS IN CITIES WHERE THE WATER-SUPPLY IS ARTIFICIALLY TREATED IN SOME MANNER, 
AND IN CITIES WHERE THERE IS NO TREATMENT. 


Present method of 
artificial purification None All kinds Sterilization 


Number of cities... . 13 30 10 
Total population— 
1p10 3,965,000 9,526,000 
Average for 1900-5. 
Six inclusive years. 


16,207,000 


Average for 1900-8. 
Nine inclusive yrs. 
Average for 1909-12. 
Four inclusive yrs. 21 22 
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cester. 
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Slow sand Rapid sand Slow sand Rapid sand 
filtration filtration . filtration tration 


7 8 3 3 
2,992,000 1,821,000 2,300,000 671,000 
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Note: Following ¢ities having populations in 1910 of over 100,000-are not included in the above table, owing to the incomplete data: Dayton, Memphis, 
Portland, fan Franci 
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‘1. COMPARISON OF TYPHOID-FEVER DEATH RATES IN 
- ries WHERE THE WATER-SUPPLY IS UNTREATED, 
AND IN CITIES WHERE IT IS IN SOME MANNER 
ARTIFICIALLY PURIFIED 


N yer of cities. ...-.- ial eases panos: Nene pm = 
prenes einai 110 cell, | eee 16,207 ,000 
ry iaeer | Avgage ig Ooze griod, é 

< ern “wrt 17 21 

: living Reduction. ....... A 6 22 


rom the above we learn that in the 18 cities with un- 

cated water-supplies the reduction in the typhoid-fever 
de ath rate was from 23 to 17 in the periods 1900-1908 
and 1909-1912, respectively. Six less lives annually 
were sacrificed to typhoid fever for every 100,000 people 
living. In a sense, at least so far as the water- supply 
is a factor, this may be considered as the “natural” re- 
duction in deaths from this disease due to causes other 
than purer water. During the same periods, in the 
cities where the water-supply was in some manner arti- 
ficially purified, either by coagulation and sedimentation, 
sterilization or filtration, the reduction, measured simi- 
larly, represented 22 less lives lost annually from typhoid 
fever in every 100,000 people living. The difference in 
reduction, the chief cause of which must be credited to 
improvements in the quality of the water-supplies of the 
cities having treated water, was 16 typhoid fever deaths 
annually per 100,000 population. 

It is virtually impossible to measure the value of a 
human life, but it is generally taken as $5000. Therefore, 
in the 33 cities with a total population in 1910 of 16,- 
207,000, and with a net saving of 16 lives for each 100,- 
000 people, about 2600 typhoid-fever deaths were pre- 
vented, which at an average value of $5000 represents an 
annual money saving of $13,000,000. Furthermore, as- 
suming that the present-day mortality in this disease is 
about 7%, then some 14 people would suffer from typhoid 
fever to result in one desth Hence, to cause 2600 
deaths some 39,000 people would have suffered from 
the disease. If we assume that lost time and medical 
attendance will average a cost of $150 for each case, we 
have the sum of $6,000,000 to add to the value of the 
lives saved, making a total saving of $19,000,000 an- 
nually, due to the reduction of typhoid fever alone. 

It is fair to say that the total cost of water filtration, 
including the interest on the investment for filtration 
works, cost of operation, supplies, repairs and replace- 
ments, will amount on an average to about $10 per mil- 
lion gallons of filtered water. In the 33 cities under 
discussion, allowing a consumption of 150 gal. per capita 
daily, there would be required 887,315 million gallons 
annually, At $10 per million gallons this represents 
a tc tal cost of $8 873,150. It has been shown above that 
pure water was unquestionably chiefly responsible for a 
saving in vital capital of $19,000,000 annually, or over 
twice the amount of money required to furnish pure fil- 
tered water for all of the 33 cities. 

Only 17 of these cities had filter plants in 1912, the 
other half getting along with the partial purification af- 
forded by sedimentation and sterilization. Grand Rapids 
finished its rapid sand filter plant late in 1912; a plant 
of the same type has just been finished at Minneapolis; 
filtration for Cleveland is being actively discussed ; Alle- 
gzheny will be supplied with filtered water from the Aspin- 
wall plant (Pittsburgh) within a year; and contracts 
have been let for the construction of rapid sand filter 
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plants at Baltimore and St. Louis. Can there be any 
question of the wisdom of such investments ? 

By far the most spectacular results in the line of 
typhoid-fever reduction have been recorded at Pitts- 
burgh, Penn. The records show that for years that city 
stood at the head with respect to the widespread preva 
lence of typhoid fever, the annual death rate from this 
disease easily being four times the average for all other 
large American cities. A modern slow sand filter plant 
was completed in 1908, during which year a part of the 
city was supplied with filtered water; and in 1909 prac- 
tically all of peninsular Pittsburgh. The Allegheny 
River, from which the city takes its raw supply, is badly 
polluted with sewage and industrial wastes, yet by careful 
treatment the water-supply of Pittsburgh now ranks 
among the safest in the world. Following the same line 
of argument as set forth above, and reducing the benefits 
of filtration at Pittsburgh to dollars and cents, it is 
seen that the purification of the water-supply is pre- 
venting some 7000 typhoid cases and saving some 500 
lives each year, representing a money value of $3,500,000. 
Two years’ saving in vital capital effected in this manner 
is equal to the total cost of building the purification 
works, which are good for a generation, at least. 


of 
ve 


Water-Works Organizations and Opera- 
ting Methods; St. Paul, Minn., 
and San Diego, Calif. 


The accompanying diagryms illustrate the municipal 
water-works organization schemes of two typical Ameri- 
can cities; St. Paul, Minn., with a population of about 
222,700, and San Diego, Calif., with about 40,000 peo- 
ple. In St. Paul some 59% of the services are metered, 
and the receipts from metered water are nearly 73% 
of the total. San Diego enjoys the distinction of being 


_one of the few American cities which has all its water 


services metered. Both cities have live, uptodate water 
departments, which are constantly striving for efficient 
service and reasonable per capita consumption. 


St. Paut, MINN. 


Early in the year 1912 the Board of Water Commis- 
sioners of St. Paul employed the Bureau of Municipal 
Research, of New York City, to make a preliminary sur- 
vey of the business and accounting methods of the water 
department. The recommendations of the Bureau were 
acted upon, and as a result definite plans of reorganiza- 
tion were made and adopted. The organization chart, 
Fig. 1, and a brief description are taken from the re- 
cently issued Annual Report of the Water Department. 

There are three main functional divisions or bureaus: 
(1) Bureau of water-supply; (2) Bureau of water reve- 
nue; (3) Bureau of accounts. The bureau of water-sup- 
ply is administered by the general superintendent, who 
in addition acts in a consulting capacity to the other 
bureaus. The bureau of water revenue is administered 
by the water registrar, who has control over the five sub- 
divisions: (a) applications and permits; (b) inspection ; 
(c) consumers’ accounts; (d) collection: (e) informa- 
tion and complaints. The bureau of accounts, which 
also includes the purchase and inspection of supplies, is 
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administered by the secretary and accountant; through 
this bureau an accounting control of all revenue is main- 
tained, and through it all reports to or directions fron. 
the Board of Water Commissioners are transmitted. 

The administrative control of the bureau of water- 
supply covers six subdivisions: (a) engineering; (b) col- 
lection and storage; (c) pumping; (d) distribution; 
(e) meters; (f) clerical work. Each subdivision has 
one or more heads who receive orders from and report 
directly to the general superintendent of water-supply. 
The activities of the whole bureau have been coérdinated 
so as to give the very best results. Accurate records are 
kept showing the cost of each separate piece of work. 

In order to carry on the work of the various divisions 
to' the best advantage the office arrangements were re- 
vised. The rules and regulations of the water depart- 
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ment were revised wherever necessary. The accounting 
system was revised so as to give one division complete 
control over all revenues. Clerical work has been ma- 
terially reduced by the use of addressing and adding 
machines. An annual budget is now prepared approp- 
riating definite sums of money for accomplishing the 
work estimated for by the different bureaus and subdi- 
Visions. 

The meter rate for the present vear (1913), -6c. per 
100 cu.ft., is based on a careful analysis of the revenues 
of 1912, and it is estimated will furnish sufficient reve- 
nue to pay the operating expenses of the water depart- 
ment, make the necessary repairs and replacements to 
the present equipment, pay the interest on the bonded 
indebtedness, provide an additional amount for a sink- 
ing fund as provided by law for the redemption of out- 
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standing bonds, and leave a safe and adequate sur) 
provided funds for the acquisition of new prop 
equipment, extension and improvement of present w: 
are obtained from the sale of water-department. bo: 
The city further pays the water department a renta 
$14 per hydrant per year. 


San Dreco, Cauir. 


The organization of the water department is sh 
very clearly by the chart, Fig. 2, and no explanatic 
necessary. We are indebted to H. A. Whitney, Assi-i 
Superintendent, for the following information in rev 
to work accomplished by the water department. 

The smallest service connection is a %4-in. iron piy.. 
dipped in a specially prepared asphaltum hath, which |) 
been found preferable to galvanized-iron pipe in the x) 
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of San Diego. The charge to the consumer for a service 
connection consisting of a corporation cock with a lead 
connection and line of 34-in. pipe to a 5gx34-in. meter, 
set in a wooden meter box with a specially designed cast- 
iron cover, is $18, A record of each meter installation 
is kept on a card, shown in Fig. 3, which gives the date, 
reading and percentage of error from full flow down to 
vs flow. On the reverse of the card is the date installed, 
address of the consumer or property owner, order num- 
ber, date taken out, record of repairs and cost of same. 
Every meter is tested before installation. The speci- 
fications call for a meter that shall register within 2% 
of accuracy on a yy flow. In testing the small 54x34-in. 
sizes a series of six are connected together and used in 
one test. Ten cubic feet of water are run through the 
meters into a tank, the water is weighed and the amount 
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ared with the meter readings. The error thus found 
orded on the card, Fig. 3. 
a complaint comes that a meter is dead or regis- 
wrong a meter-repair tag is sent by the bureau of 
intability to the foreman of operation. This tag is 
-inted blank form on heavy cardboard 6x4 in., and on 
. recorded on one side the reading, meter number, 
_ removed — from —— by reason of, 
required on job; new meter number, style and size, 
order number. On the reverse side are blanks for the 
detail statement of the nature of the repairs, cost of the 
«ame and materials. 
if it is found that the meter registers correctly and it 
was investigated through a complaint of the property 
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owner the cost of the removal and investigation of the 
meter is assessed against him. If the meter is actually 
not registering correctly the cost of the investigation and 
repairs are paid by the water department. A small auto- 
mobile is used to carry all meters tagged for repairs to 
headquarters. 

The meter rate fixed by city ordinance is 8c. per 100 
<u.ft. The minimum monthly rate for all water fur- 
nished varies from $1 for a 5¢-in. meter to $5 for a 
6-in. meter and larger sizes. All water furnished the 
various departments of the city are charged to their re- 
spective accounts and paid for from their special funds 
into the “water fund.” With the consent and approval! 
of the Common Council special rates of less than 8c. per 
100 cu.ft. may be granted to public works, charitable in- 
stitutions, and others in special instances; but in every 
instance where a special rate is granted the balance be- 





tween it and the regular rate must be paid the water de- 
partment out of the “general fund.” 

For furnishing, setting, maintenance, repairs and su- 
pervision of public fire hydrants a charge of $2.50 a 
month is made for each hydrant in service, this sum be- 
ing paid monthly out of the “general fund” of the city. 
The city also pays out of the “general fund” $2.50 a 
month for each public drinking fountain, watering 
trough and standpipe. The other city services are 
metered just as private consumers. 

% 

A Reinforced-Concrete Pontoon Crane, 100 ft. long by 43 
ft. wide, fitted with a motor and screw and capable of being 
navigated by its own power, has been constructed at Mar- 
seilles. It is to carry a crane 33 ft. high, with an overhang- 
ing or unsupported length of 33 ft., able to support a load 
of 30 tons. The pontoon has double sides, protecting it 


against the influx of water should the outer skin be damaged. 
—‘“The Times Engineering Supplement,” London. 
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Drastic Provisions of the San Diego, 
Calif., Water-Works Ordinance 


The City of San Diego, contemplating a $955,000-bond 
issue for installing steel pipe lines, building new con- 
crete reservoirs, pumping stations, wells and distributing 
systems, and at present engaged in expending $340,000 
in laying several miles of cast-iron mains, installing fit- 
tings and building three small reservoirs, has recently 
(Apr. 28) passed an ordinance covering the use of the 
city water-supply, which will be read with considerable 
interest by water-works engineers and managers because 
of its rather drastic provisions to prevent water waste. 


San Diego, with a population of 40,000, is one of the 
few American cities to have 100% of its services metered. 
The meter rate is 8c. per 100 cu.ft.; and other city de- 
partments are treated exactly as ordinary consumers. 


Some of the most interesting provisions of the new 
ordinance are reprinted below: 


CONSTRUCTION WORK 

For water furnished for construction work where meters 
are not installed or used, the rate to be charged shall be as 
follows: 

(a) For mixing and wetting concrete used in street pav- 
ing, $1.25 per 1000 sq.ft. of paving laid. 

(b) For sidewalk and curbing, $1 per 1600 sq.ft. of con- 
crete laid. 

(c) For mixing concrete for any other construction work, 


not herein provided for, the rate shall be 5c. per bbl. of ce- 
ment used. 


(d) For settling earth and ditches, %c. per cu.yd. of 
trench or excavation. 


(e) For water supplied for street grading or any con- 
struction work not otherwise specified in this ordinance, 
when not used through a meter, the amount of water used 
and the charges for same shall be fixed by the Superintend- 
ent of the Department of Water. 


(f) Contractors or any person desiring to use water in 
construction work, where connections must be made with 
city hydrants or eaeer. shall in each and every instance 
obtain a written permit from the Superintendent of the De- 
partment of Water before connecting with any such hydrant 
or mtansoins, or using water therefrom, and such permit shall 
be exhibited upon the work for which issued. 


(gz) In each and every instance enumerated in subpara- 
graphs a, b, c, d, e and f, the amount of the charge shall be 
estimated by the Sup*“rintendent of the Department of Water. 


PAYMENT OF WATER BILLS 

(1) For the payment of all water bills the city is divided 
into three districts, to be designated and known as Districts 
1, 2, and 3, and all bills for water used shall be payable at 
the office of the Department of Water, at the City Hall. 

(2) For water furnished in District No. 1, the rate shall 
be due on the first day of the month; in District No. 2, on 
the lith day of the month; in District No. 3, on the 2ist day 
of the month. 


PENALTIES FOR DELINQUENTS 

Should an account not be paid within 10 days after com- 
ing due, a penalty of 10% shall be added to the bill, and if 
the total amount then due is not paid within 10 days after 
the adding of the penalty, the said account and penalty shall 
be deemed delinquent and an additional penalty of 50c. shall 
be added, and the Superintendent of the Department of Water 
may cause the water to be shut off from the premises from 
which the account is delinquent, and the water shall not again 
be turned on until all arrearages and charges shall have been 
paid. 


RATES LIEN AGAINST PROPERTY 


In addition to any other remedy provided herein for the 
enforcement and collection of any water rate, charge or ac- 
count, all rates provided for in this ordinance shall be charged 
against the property on which it is furnished, and against 
the owner thereof, and shall be a lien against the premises to 
which any water may be supplied, and a charge against the 
owner thereof and the occupant thereof using the water, and 
if for any cause any sums owing therefor become delinquent, 
the water shall be shut off, and in no case shall it be turned 
on to the same property until all such delinquencies shall 
have been paid in full. and such property_owner and oc- 
cupant shall be severally responsible to the City in an action 
waged by the City in any court of competent jurisdiction for 
the amount of ali such rates as may be due and unpaid, to- 
gether with all penalties provided herein and costs. No 
change of ownership or occupation shall affect the application 
of this section 


FORM OF CONTRACT 


The application shall contain a contract, on the part of 
the applicant to pay the stipulated rates at the time and in 
the manner rovided for in this ordinance, reserving to the 
City of San Diego the right to enforce and collect rates and 
nenalties tn the manner provided for in this ordinance, to 
change rates and to temporarily discontinue the service at 
any time without notice to the consumer, and further to _pro- 
vide that the Department of Water of the City of San Diego 
shall not be responsible for any damage by water or other- 


wise, resulting from defective plumbing, broken 
services, or water mains. 


INSTALLATION OF SERVICE 


The aes having complied with all the reqy 
of this ordinance relat ng to application for mete, 

vice, and having paid all charges incurred, the De, 
of Water shall cause the property described to be ¢- 
with the city water mains, in the following manne; 


PROPERTY ON WATER MAINS 


Where the property is located upon a street in 
water main of not less than 2 in. in diameter is ja 
shall be connected with the water system by a sery; 
nae at right angles from the main to the cur} 
stop cock placed inside the line of the street curb. 
meter, meter box and cast-iron meter-box cover, p 
however, nothing in this paragraph shall interfere \ 
Department of Water installing a service pipe of sy 
size from the water main to the curb for the purpose , 


ing branches to the right and left in the parking to 
not more than three separate properties, worms to 


LIMIT TO EXTENSIONS 


where the property is located on a street in which :) 
exists no water main In front of the premises applied {. the 
Superintendent of the Department of Water shalt extend the 
nearest water main in the direction of said property 
vided that in no instance shall an extension of any water 
main exceed 100 ft. for any one applicant who has in all 
other respects complied with the requirements of this or. 
dinance, excepting that the Superintendent of the Depart- 
ment of Water may estimate the cost of any extension in ox 
cess of the 100 ft. allowed by this ordinance and upon pay 
ment by the applicant of the charges estimated, the same mi 
be installed by the Department of Water, provided: 


LIMIT OF SERVICES 
(a) That only one service connection shall be allowed upo: 
a %-in. pipe, having a pressure of less than 20 Ib., two sv 
vices upon a %-in. pipe with pressure between 20 and 60 |) 


and three services upon a %-in. pipe with over 60 Ib. pres- 
sure. 


A 1-in. pipe may be allowed twice the number of service 
connections as a %-in. of the same pressure. 


A 1%-in. pipe may serve twice the number as a 1-in., anid 
a 2-in. pipe twice that as the 1%-in. 


(b) No water pipes laid in the streets of this city of less 
than 2 in. in diameter shall be considered as mains, and the 
Superintendent of the Department of Water may at any tim 
order same removed and a larger pipe installed. 


COST OF SERVICE CONNECTIONS 


The Department of Water shall make the following 
charges for the perpetual maintenance of all services, meters 
and meter boxes installed: 


COST OF SERVICE CONNECTIONS 
Service, 


Sizeof Meter Costof Cost of Service & Service & Meter & 

Service and Box Service Paving Meter Paving 

. tree ee $10 $17 $18 7 35 

10 17 41 

12 20 2 52 

20 21 is 

32 22 121 

100 24 ‘ 261 

126 26 402 

166 30 696 

These prices shall include the service connection complete, 

the meter set in place and an adequate meter box with a 
metal cover, 


pro- 


FIRE SERVICES 


(a) Where services are used, or are to be used for sprink- 
ler and fire service only, a proportional meter may be in- 
stalled in place of the standard type meter; a reduction from 
the regular meter charges shall be made as follows: 


(b) Upon a 2-in. service the reduction shall be $27. 
Upon a 3-in. service the reduction shall be $77. 
Upon a 4-in. service the reduction shail be $170. 
Upon a 6-in. service the reduction shall be $400. 


(ce) fin no instance shall any connections be made with 
any sprinkler or fire service without the written consent of 
the Superintendent of the Department of Water, and shou! 
it be found that any unauthorized connection has been mad 
or that water has been used from a sprinkler or fire service 
for any other purpose than extinguishing a fire, the water 
service shall be shut off and not again turned on until a sum 
equivalent to the monthly minimum for a similar sized regu- 
lar installation is paid covering the entire period during 
which the service has been installed, and, furthermore, a 
standard meter of the equivalent size of the service pipe shal! 
S ~ ne installed and paid for by the owner of the property) 
affected. 


WATER TO PASS THROUGH METER 


All services, not otherwise provided for in this ordinance. 
shall be metered, and all city water used on any premises 
where a meter is installed shall pass through the meter. 


No bypass or connection between the meter and the main 
shall be made, maintained or permitted, except_as may be in- 
stalled by permission of the Superintendent, Department of 
Water, for sprinkler or fire service. 


REPAIRING METERS 


All water meters installed by the Department of Water 
shall remain at all times the property of the City of San 
Diego, and shall be maintained and repaired when rendered 
unserviceable through fair wear and tear. and renewed by 
the Department of Water; provided, that where replacements, 
repairs, or adjustments of any meter are rendered necessary 
by the act, neglect or carelessness of the owner or occupant 
of any premises, any expense caused to the Department there- 
by shall be charged against and collected from the owner 
oF the premises. 
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TESTING METERS 


, ¢ shall have the right to demand that the 
Y conich which water is being furnished be examined 
-ested by the Department of Water, for the purpose of 
rtaining whether or not it is registering correctly the 
unt of water which is being delivered ae it by the 
_rtment of Water to such consumer; provided, that when 
“Vonsumer desires to have said meter so examined and 

ted. such consumer shall make application therefor in 
ting to the Department of Water and shall deposit with 
application the amount charged for the various sizes, to- 


a) For testing a %-in. meter, $1. 
For testing a %-in. meter, $1.25. 
For testing a 1-in. meter, $1.50. 
For testing a 1%-in. meter, $1.75. 
For testing a 2-in. meter, $2. 


For testing a 3-in. meter, $3. 
For testing a 4-in, meter, $4. 


For testing a 6-in. or larger meter, $5. 


on the application being made it shall be the duty 
of Y pon cout $4 Water to cause the meter to be ex- 
amined and tested for the purpose of ascertaining whether 
or not it is registering correctly the water being delivered 


through it. 

If on such an examination and test the meter shall be 
found to register over 3% more water that actually passes 
through it, another meter will be substituted therefor, and 
the fee charged in the application for a test shall be repaid to 
the person making the application. 


METER NOT REGISTERING 


Whenever a meter gets out of order, and fails to register 
correctly, the consumer shall be charged with an eee 
daily consumption as shown by the meter when in good work- 
ing order and registering correctly. 


CONDITIONS OF SERVICE 


For the convenience of the consumer and as a measure 
of safety to the service the following regulations are enacted 
and made a part of this ordinance. 


WATER WASTE 


It shall be unlawful for any person or persons to will- 
fully or neglectfully waste water in any manner whatsoever, 
and any person having knowledge of any condition whereby 
water is being wasted shall immediately notify the Depart- 
ment of Water of such fact. 


APPROVED SERVICE CONNECTIONS 


The refusal or neglect of the owner or occupant to equip 
and maintain the premises with service pipe connections, 
utilities or fixtures of approved character and quality to pre- 
vent waste of water, shall be sufficient grounds for the re- 
fusal of the Department of Water to connect the premises 
with the city water supply, or to continue such connection 
after having given three days’ written notice of intention to 
shut off water pending repairs because of water waste. 


EMERGENCY SHUT-OFFS 


Consumers shall install an improved shut-off inside the 

property line, at a location accessible in case of emergency. 
CHECK VALVES 

If in the potent of the Superintendent, Department of 
Water, the P acing of an approved check valve on the prop- 
erty side of a water meter of any consumer is considered 
necessary for the safety of the water system, such approved 
eheck valve shall be immediately installed, at the expense 
of the consumer, after due notice in writing shall have been 
given to the consumer by the Superintendent, Department 
of Water. 


BOILER CONNECTIONS 


It shall be unlawful for any person or persons to draw 
water from any city pipes direct into any stationary steam 
boiler, within the corporate limits of the City of San Diego. 


SUPPLY TANKS 


Where city water is used to em a a steam-engine boiler, 
its owner must provide a tank of sufficient capacity to af- 
ford a supply for at least 12 hours, into which the service 
pipe will be discharged. 


IN CASE OF FIRE 


Consumers are required to shut off lawn sprinklers or any 
steady flow of water a may be using whenever a fire oc- 
eurs in their section of the city, or a large fire occurs in the 
business section of the city 


TURNING ON WATER 


It shall be unlawful for any person other than the author- 
ized agents or employees of the City of San Diego to turn 
on water after the same shall have been turned off as herein 
provided, without the consent of the Superintendent, Depart- 
ment of Water: also for any person, excepting as above men- 
tioned, or the a yerercee of any grading outfit, to take or use 
water from said system of water-works, without the written 
consent of the Superintendent, Department of Water, and all 
owners and occupants of property are hereby prohibited from 
furnishing water for such purposes until the said Superintend- 
ent, Department of Water, has given permission so to do. 


SHUTTING OFF WATER 
Upon the application of the owner or occupant of a build- 
ing or premises, to have the water shut off on the meaty side 
of a meter, the Department will shut the water off and at the 
same time record the reading of the meter, for which service 
a charge of 50c, will be made. 


UNLAWFUL USE OF WATER 


It shall be unlawful for any consumer to supply water to 
any person, company or corporation other than the occupant 
or occupants of the premises of said consumer, or to know- 
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ingly permit leaks or wastage of water or for any person, 
company or corporation to tap, open or connect with any 
water main or pipe which forms any part of the system of 
the water-works of the City of San Diego, without first ob- 
taining written permission so to do from the Superintendent, 
Department of Water. 


SEWERS 
No sewer pipe or sewer ditch shall be placed nearer than 


2 ft. to any water-service pipe connected with this system 
of water-works. 


FIRE HYDRANTS 


(1) Fire hydrants are to be opened and used only by the 
Water and Fire Departments or such persons as may be 
genet authorized by the Superintendent, Department of 

ater. 


(2) To insure the safety of fire hydrants for fire pro- 
tection, any person or persons authorized to open fire hy- 
drants will be required to use only an approved spanner 
wrench, and to replace the caps on the outlets when the same 


are not in use; failure to do so will be sufficient cause to pro- 
hibit further use of the hydrants and the refusal] to grant 
subsequent permits for the use of fire hydrants. 


(3) It shall be unlawful for any person to conduct or 
carry away any water from any fire hydrant without a 
written permit from the Superintendent, Department of 
Water, of said city. 


(4) It shall be unlawful for any person or persons to 
place upon or about any fire hydrant, gate valve, manhole, 
stop cock, meter or meter box connected with the water pipes 
of the said system of water-works any object, material, débris 
or structure of any kind so as to prevent free access to the 
Same at all times. 


PRIVATE WATER SYSTEMS 

(1) All water pipes laid in the streets, alleys or public 
thoroughfares within the corporate limits of the city of San 
Diego, shall become the property of the City of San Diego. 

(2) All water systems laid within the corporate limits of 
the City of San Diego, and connecting with or supplied water 
from the water mains of said city, shall be constructed under 
the supervision and in accordance with plans and specifica- 
tions approved by the Superintendent, Department of Water. 

(3) It shall be unlawful for any person, persons or cor- 
poration to sell water for domestic purposes within the cor- 
porate limits of the City of San Diego, without having first 
received permission so to do from the Common Council by ap- 
Gace approved by the Superintendent, Department of 

ater. 


VIOLATIONS—CON VICTIONS—PU NISHMENT 
Any erson, persons, or corporation violating any pro- 
vision of this ordinance shall be deemed guilty of a misde- 
meanor, and upon conviction thereof shall be punished by a 
fine in a sum not exceeding $500 or by imprisonment in the 
City Jail for a period not exceeding 50 days, or by both such 
fine and imprisonment. 


INSTALLATION OF WATER MAINS AND FIRE HYDRANTS 


IN NEW TRACTS AND SUB-DIVISIONS OF LAND 


(1) Whenever any tract or sub-division of land within 
the corporate limits of the City of San Diego, Calif., shall 
be laid out in lots for the purpose of sale, the owner or own- 
ers thereof, in addition to complying with all the require- 


ments of the General Laws of the State of California, and 
other ordinances of the said City of San Diego, relating there- 
= = comply with the following additional requirements, 
o-wit: 


(2) Whenever, in the opinion of the Common Council, it 
shall be deemed necessary or practicable, the owners of the 
land, of which the map or plat has been submitted, shall be- 
fore the said map or plat is adopted, install water mains of 
sufficient size to insure adequate service to the number of lots 
specified in such proposed additions, sub-division or tract. 


(3) Also, install the regulation fire hydrants, sufficient 
in number to secure proper fire protection in such proposed 
addition, sub-division or tract. rovided, however, that the 
Common Council may, in its discretion, accept in lieu of such 
finished work, a cash deposit or bond in such sum, as it deems 
sufficient as a guaranty that such water mains and fire hy- 
drants will be installed and completed within such time as the 
Common Council may designate. Upon the approval of such 
bond or deposit, of such cash, the Common Council may ac- 
cept and approve such map or plat, before the actual installa- 
tion of such water mains and fire hydrants. All work of in- 
stalling such water mains and fire hydrants shall be done to 
the satisfaction of the Common Council, and under the super- 
wa of such inspectors as this Common Council may pro- 
vide. 
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The Distillation of Oil from Bituminous Shales—Some 
months ago, in our issue of Oct. 17, 1912, we reviewed the 
possibilities in the securing of large quantities of liquid fuel 
from the deposits of oil shale in the Mississippi Valley and 
elsewhere. It is of interest to note that notwithstanding 
the competition of cheap petroleum, extraction of oil from 
shale in Scotland is still carried on. In 1911. according to a 
review of the industry in the Engineering Supplement of 
the London “Times,” 3,116,000 tons of shale were mined in 
Scotland and distilled for oil production. It is said that 
the average production of oil is about 25 gallons per ton of 
shale. The crude oil yields, on fractional distillation, over 
3 per cent. of naphtha, about 25 per cent. of burning oils, 
15 per cent. of gas oils and 15 per cent. of lubricating oils. 
The increased demand for oils for use in ofl engines makes 
the future development of the oil shale industry very promis- 
ing. 
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The Proposed Reforestation of the 
Cedar River Watershed, Seattle 
Water-Supply* 


Few cities could have been more fortunate in the selec- 
{ion of a municipal water-supply than the city of Seattle, 
Wash. The source chosen some years ago by the city 
engineer was that supplied by the watershed of Cedar 
Lake, Cedar River and its tributaries, situated in the 
heart of the Cascade Mountains about 45 miles from the 
city. Here is a pure and practicaiiy unlimited supply of 
water, which apparently is to prove a source of a large 
future revenue as well. 

Cedar Lake is 1547 ft. above sea level. Leaving the 
dam at the outlet of Cedar Lake, the Cedar River falls 
600 ft. in a distance of 34% miles, and at the foot of this 
descent the city of Seattle completed in 1909, a muni- 
cipal hydro-electric power plant having a present normal 
capacity of 11,000 hp. and to be increased to an ultimate 
normal capacity of 20,000 hp.t 

This hydro-electric station supplies current for the city 
street lighting and to many private consumers as well. 
Its profitableness. as an investment of the public money 


Fie. 1. Map or THE Cepar River WATERSHED, SEAT- 
TLE, WASH., WATER SUPPLY 


has been amply proved; and it has been of much indi- 
rect profit to the city taxpayers in reducing the rates 
«harged by private lighting and power companies.{ 

Another perfectly feasible scheme to still further util- 
ize the water-supply property is now proposed, which it 
carried out in detail is expected to yield the city an ulti- 
mate clear profit at the end of 60 to 80 years of at least 
$6,000,000 or $7,000,000. This scheme is the reforesta- 
tion of the watershed Jands, which have all the necessary 
qualities for regenerating a splendid forest. No better 
proof of their adaptability for forestry is necessary than 
the fact that a large part of the land is still covered with 
thousands of dollars worth of standing timber, and until 
very recently practically all the lands in the watershed 
were so covered. While various other city water-supply 
watersheds have been reforested as a method of utilizing 
otherwise useless lands and for protecting the purity of 
the water, most of this work has been on a small scale 
and few such schemes could ever have been entered into 
from so purely a commercial point of view and with so 
certain a prospect of a large financial return. 

The Cedar River watershed is divided naturally into 


two main divisions—the upper watershed and the lower 
*Based on a Report on the Reforestation of the Cedar 


River Watershed made by R. H. Ober, Superintendent of 
oe and H. C. Johnson, Forest Engineer, February, 


tSee “Engineering News,” Dec. 14, 1911. 
tSee “Engineering News,” Aug. 29, 1912. 
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watershed (Fig. 1). The upper watershed extend: 
the site of the proposed new masonry dam, at a po 
the Cedar River about two miles below the out 
Cedar Lake, to the summit of the Cascade Mou: 
covering an area of about 83 sq.mi. The lower wat: 
extends from the site of the proposed dam to Land 
at the intake of the water-works pipe lines to th: 
and covers an area of about 54 sq.mi. 

The upper watershed is practically the waters): 
Cedar Lake. It is characterized by steep precipitous 
mountain slopes rising abruptly from the shores of (Jar 
Lake, and from the narrow valley of the Cedar River, jn 
of the Rex River, to the summits of the flanking ri ve< 
on each side. In many places there are extensive arvas 
covered by masses of rock, either in the form of clitl< or 
what is known as rock slides. 

Near the summits of some of the mountains there are 
open parks and grassy meadows in which little timber js 
found ; but aside from the barren spots the entire area is 
covered with a heavy growth of timber. This timer 
varies in character from stands of Douglas fir in the \al- 
ley, where a single tree often reaches a height of 250 {t., 
with a diameter of 6 ft. at the base, to a scattering ai 
scrubby growth of what is known as the upper slope type 
of timber upon the summits of the mountains. It is es- 
timated that the present stand of commercially valuable 
timber on this upper watershed exceeds 1,000,000,000 ft., 
b.m. 

The lower watershed, although bounded on the north, 
east and southeast by mountain ridges, is what may lhe 
characterized as rolling or bench land. The timber which 
originally covered the lands of this lower watershed was, 
generally speaking, of a larger growth and more valuable 
than that now standing upon the upper watershed ; be- 
cause the lower elevation of the lower watershed is more 
favorable to timber growth and affords a longer grow- 
ing season. By reason of its proximity to the railroads 
and of its general accessibility, logging operations in the 
lower watershed were begun at an early period and a con- 
siderable portion of the area has now been denuded of 
timber and is ready for reforestation. 

At the time the city purchased the lands of the water- 
shed there was not sufficient money available to buy the 
standing timber belonging to the several logging com- 
panies already established there, or to buy the sawmills 
and equipment of the companies. Hence the operations 
of logging and cutting up timber have been carried on in 
the lower watersheds by private parties up to the present 
time and are still being carried on under such regula- 
tion that the danger of pollution of the water-supply has 
been reduced to a minimum. Within the upper water- 
shed, however, no logging operations had been com- 
menced previous to its acquisition by the city, and up to 
this time the city has been successful in preventing the 
establishment of logging camps and sawmills in this ter- 
ritory. 

In order to do so it has been necessary in many in- 
stances for the city to purchase not only the land but 
also the timber standing thereon. In this manner the 
city has acquired the ownership of standing timber hav- 
ing an estimated value at the present time of nearly 
$700,000. The total cost of acquiring all the land and 
timber in the entire watershed up to this time, exclusive 
of the cost of surveys, appraisals and court costs, is some- 
thing over $600,000, or nearly $100,000 less than the 
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- of the standing timber alone. Adding the cost sur- 

<, appraisals, timber cruising and court costs in con- 

nnation proceedings, ete., and it is found that the 

ve of the standing timber now belonging to the city 
. »pproximately equal to the cost of acquiring the own- 
ership of the watershed. 





Fic. 2. View or Cepar Lake, SEATTLE’s MOUNTAIN 
Water Suppiy 


The reforestation of the cut-over lands of the lower 
watershed does not require the continued residence of 
any large number of people, nor the establishment of a 
resident population with its attendant dangers, as would 
be the case if these lands were devoted to agriculture or 
other industrial uses to which they would otherwise be 
suited. Moreover, reforestation would result in a great 
benefit to the quality of the water as well as to conserve 
the supply to some extent by regulating the runoff of 
the stream. 

The production of a growth of valuable timber on this 
land will result in the creation of an asset of enormous 
value to the country at large in place of a doubtful asset, 
or possibly a liability, if no systematic effort is made to- 
ward reforestation, and the area is allowed to grow up to 
weeds and a scattering growth of inferior timber, having 
but little value. 

In order to determine the feasibility and advisability of 
adopting such a plan for the reforestation of this area, a 
careful study of the watershed has been carried on for 
four years by R. H. Ober, superintendent of buildings, 
and also during the last year by H. C. Johnson, forest 
engineer, who has made an exhaustive examination of the 
entire area of the lower watershed. The result of their 
work is the subject of an interesting report recently sub- 
mitted to the municipal government of Seattle and is the 
basis of this article, the remainder of which, with some 
rearrangement and condensation, is virtually reprinted 
from the report: 


The lands in the lower watershed logged off and burned 
over are all barren and non-restocking, and if left alone and 
the present conditions of annual fires allowed to prevail in 
the future, they must of necessity remain barren. The area 
of such lands is 24.6 sq.mi. All this land is most tavorably 
situated with regard to the natural requirements of reforesta- 
tion. Of this 1.2 sq.mi. is not taken into account as it com- 
prises such areas as railway rights-of-way, that required for 
electric power transmission lines, and other areas which can- 
not be reforested.. This leaves 23.4 sq.mi. in the lower water- 
shed which could be reforested immediately. 
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The remaining 32.2 sq.mi. are still timbered, but two lum- 
ber companies are now cutting at the rate of 1000 acres a 
year, and wh on they are finished, with the addition of what 
other logging will have to be done on other holdings, there is 
sure to be approximately 24.3 sq.mi. more of logged off and 
burned over lands in the near future. On the other 8 sq.mi 
now forested, the timber is so poor and the areas so rough 
and inaccessible that they are not reckoned on in the refor- 
estation plan. This makes a total of 47.6 sq.mi. at present or 
very soon available for creating a municipal forest reserve 

For the purpose of more careful study and analysis th 
lower watershed was divided into four natural divisions, com- 
prising the four main drainage bas'ns. The first division is 
the Rock Creek, Webster Creek and Walsh Lake drainage 
basin. This area is all ready for the work of reforestation to 
be started and no future complications will arise because of 
logging operations. Also the absence of sawmills and log- 
ging railways greatly reduces the fire risk, and in case a fire 
should originate, the lay of the land is such that it could 
be checked easily and quickly. The soil is of good quality 
The area is already well opened by former logging roads, 
skid roads and trails, so that all parts are easy of access, 
and planting operations can be easily conducted. The ground 
cover and weed growth are very light compared with their 
density on some of the other areas. There is not much down 
timber on this division and standing snags are few. This 
part of the lower watershed is near the town of Taylor, the 
works of the Denny Renton Clay & Coal Co. and the Columbia 
& Puget Sound R.R. This gives it a most favorable economic 
location, especially for the disposal of early products. 

The second division comprises the drainage basin of Wil- 
liam Creek and the Cedar River above Taylors Creek. A part 
of this has been logged off and the rest of the timber is now 
being cut, so on this part it is still possible to make an ar 
rangement with the lumber company to leave seed trees for 
reforestation purposes. The soil is a poorer quality than that 
of the first division and dead stubs and down timber on the 
cut-over part are thicker. The fire risk is greater and the 
cost of preparing the area and the cost of reforestation will 
be greater; hence, it is recommended that the work be done 
on the first division before attempting to reforest the sec- 
ond division. 

The third division comprises the entire drainage basin 
of Taylor Creek. The soil is of very fair quality and the 
future yield should be large. The soil here is covered with 
a thick, dense weed growth and is damp and stagnant. Snags 
and down timber are so thick as to make the cost of the work 





Fig. 3. Cut-Over AND BurNED-OveR LANDs, Lower 
WATERSHED 


very high in some places. The treatment recommended for 
the next few years is to allow the tract to be swept over by 
fires and as much of the dead material as possible con- 
sumed. When planting is decided upon, the tract should be 
burned clear the fall before and the planting done as quickly 
as possible the following spring and fall. Logging opera- 
tions are still being conducted over a part of this area and 
it is not considered advisable to start reforestation at present. 

The fourth division is a narrow strip comprising the lands 
draining into Cedar River telow Taylor Creek, which is still 
well timbered. although some is being logged off at the pree- 
ent time. The timber is now owned by different parties and 
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it is unknown when it will be logged. Nothing in the way 
of reforestation can be done here at present. 

The lands in the first division lie at elevation of from 700 
to 1400 ft., though 90% are below the 1200-ft. level. All this 
land except a small part back of the town of Taylor is open 
and rolling. It receives the sun all day, and such definite 
exposure as it may be said to have is south, which is, of 
course, the most favorable for rapid growth. 

In the second division the lower part, near Cedar River, 
is level, while the hillsides back from the river have a south 
or southeastern exposure. That portion which lies south of 
Cedar River has a northwestern exposure, which is favorable 
for an even though not quite so rapid growth. 

In the third division all the land which has now been 
logged off lies on a very gentle slope with a south or south- 
western exposure. Of the hill sides that are not yet cut over 
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about three-quarters have a south omjwestern exposure, while 
the rest are exposed to the north or northwest. Most of this 
land is about equally divided betwéén a northern and south- 
ern exposure, though the slope is so gentle that sunlight is 
received during the greater part of the day in either case. 

On the whole as regards exposure, over 75% of the entire 
area which can be reforested is so situated as to receive the 
best results. Fully two-thirds of the entire area lies below 
the 1600-ft. contour. 

In the main the work of reforestation will be done with 
native species now growing under climatic conditions which 
it is self evident are particularly favorable. Rainfall is the 
most important of the climatic influences. The Douglas fir 
of the Pacific coast variety requires at least 40 in. of rainfall 
a year to obtain a fair growth, and above this measure the 
greater the annual precipitation the greater is the develop- 
ment of the tree. On the city watershed the annual precipi- 
tation, according to recorded measurements, varies from an 
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average of 52 in. at Landsbury at an elevation of 54° 
an average of 112 in. at Cedar Lake, at an elevation 

ft. The relative humidity is high and the winter tem, 
seldom below 0° F., while the summer temperature ; 
as high as 110°. The growing season lasts from A 
well into October. The climatic conditions are parti: 
favorable to produce fine growths of Douglas fir. Fros 
winds and heavy snowfalls, all enemies to forest culty 
not elements to cause serious obstacles to reforesti; 
of the now logged off lands. 

The present stand of trees in the surrounding { 
seems to be particularly free from any signs of insect a: 
and this danger is one that need not be seriously consi 
Attacks of fungi need not be dreaded. A stand manaz 
such a short rotation as 80 years should be in all respect 
healthy for any fungus to obtain a foothold. Fungus at' 
with the exception of conk (polyporous) and occasioy,| 
patches of trees affected with “butt rot” (P. schweinitzii) 
also rather rare in the surrounding forest. 

Douglas fir is especially adapted to the proposed s) m 
of management in its reproductive qualities. It is a protili, 
seed bearer, bearing some seed every year, with particular|, 
heavy seed years about every third year. The seed is licht 
and easily disseminated by the wind. This well adapts it 1. 
system of regeneration by the leaving of seed trees, th, 
least expensive of methods. The young nursery stock when 
set out makes a very rapid growth, which enables this specics 
to be planted where there is a weed growth and still be ab) 


to forge ahead. It is a rapid growing tree both as to height 
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and diameter, and this together with its ability to form 
dense, pure stands is what makes it so desirable a species 

Mogeover, the products of Douglas fir formed at an early 
period can be utilized at a profit, which permits early revenue 
from thinning. Such thinnings will yield mine props, piles 
and some sawn timber. Owing to its adaptability to so many 
uses and to the fact that in the form of lumber it can be 
used for every ordinary purpose and its many excellent qual- 
ities, there is no doubt as to the future market for the product 
of this tree. All conditions point to it as being the one 
species that will yield the largest return and also be adapt- 
able to the silvicultural point of management. 

Western white pine (Pinus monticola) may prove of value 
to use in mixture with Douglas fir. Sitka spruce (Picca 
sitchensis) will probably be planted to a considerable ex- 
tent on some of the areas. This species is particularly 
adapted to grow on certain of the more moist and swampy 
tracts, such as in the vicinity of Walsh Lake. After the first 
few years it makes a rapid height growth. It is tolerant 
while young and is able to get a good start under opposition 
and live until it can force its way up. Later it demands over- 
head light and does well in pure stands. The tree is a prolific 
seeder and once its growth is started on these areas its future 
reproduction will be an easy matter. It is also very free 
from fungus and insect attacks. The wood is valuable for 
cooperage, finishing, doors, packing cases and wood pulp 
This species is a fast grower and will give a fairly large 
yield at the proposed length of rotation, and it will thrive 
where other species will not. 
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5 1. PER ACRE COST OF GROWING TIMBER UPON .CEDAR 
‘VER WATERSHED UNDER MUNICIPAL OWNERSHIP 


— of stocking, $9.25 per acre. Administration and protection, 

= pan ny ten Ena No taxes. No initial land cost. Interest rate, 44%, 

junded annually. Final yield taken as average of Qualities 1, 2 and 3, = 

ti ‘tion as they occur on the lower watershed, vis: 8% No. 1, 70% No. 2, 
| 22% No. 3 site quality. 


) (2 (3) (4) (5) (®) 
S$ Administra- 
roe tion and Total cost of Yield in Cost per M. 
Age mulation of protection =e = each ft. b.m. per ft. for 


b years interest with interest acre growing 
40 $53.80 $ 5.35 $59.15 9,600 $ 6.16 
50 83.54 8.92 92.46 19,500 4.74 
60 129.75 14.47 144.22 29,500 4.89 
70 201.50 23.09 224.59 39,100 5.74 
80 312.93 36.47 349.40 48,000 7.28 
90 485.97 57.26 543.23 56,600 9.60 
100 754.69 89.54 844.23 64,900 13.01 


Black cottonwood (Populus trichocarpa) is probably the 
enly native hardwood which may prove valuable for reforest- 
ing. It is also proposed to try out some of the eastern species, 
such as black walnut, hickory, yellow poplar, ash and Eastern 
white pine. 

In estimating the yield of the reforested watershed the 
Douglas fir yield tables recently compiled by the U. S. Forest 
Service have been used. These tables are the result of a long 
extended series of observations and studies made in Western 
Washington and Oregon, and they are, therefore, reliable and 
based upon yields in the immediate vicinity of the proposed 
municipal forest. As one of the principal schemes of utiliza- 
tion is to consist of the marketing of the products obtained 
from thinnings, or intermediate cuts made during the rota- 
tion, much study was given this phase of the subject. 

As to the future stumpage value of the lands of the water- 
shed if properly forested and cared for there can be no ques- 
tion. The state of Washington at present leads all states in 
the amount of timber cut, the annual cutting averaging 4,500,- 
000,000 ft., b.m., or a little over 10% of the entire cut of the 
whole United States. At such a rate it will not be long before 
all the forests in the state will be gone. The opening of the 
Panama Canal will probably increase the demand for west 
coast timber and increase the rapidity of cutting. When this 
supply is gone there will be no other virgin supply to fall 
back upon and there will be an inevitable rise in prices. 

Douglas fir in the West presents a case almost analogous 
to that of the white pine of the Lake States, where stumpage 
prices ir. reased in the 20 years, 1890 to 1910, from $5 per M. 
to $14.50 per M. 

It is also absolutely certain that the timber lands now 
remaining in private hands will be cut over within the next 
few years, as the interest on initial cost and the taxes will not 
make it profitable to hold them for any very long period. The 
future supply of the west coast must then be obtained by 
reforestation. The cost of growing lumber for the market to 
private parties will obviously be greater than the cost to the 
city or other municipal corporations, which have no taxes 
to pay. 

The estimated cost of stocking the lands of the Cedar 
River watershed previously referred to is $9.25 per acre, as 
shown in Table I. The cost of administration and protection 
is estimated at 5c. per acre per annum. There are no taxes 
to be paid; the initial land cost has been shown to be nothing, 
since it is already represented in standing timber owned by 
the city. The capital cost of stocking, administration and 
protection is figured on a 4%% interest basis, compounded 
annually. The final yields are based upon the proportions of 
the suitable soil areas as they occur in the lower watershed 
and upon the U. S. Forest Service yield tables previously re- 
ferred to. 


TABLE Il. ITEMIZED STATEMENT OF ALL COSTS AND RECEIPTS 
PER AVERAGE ACRE AT EACH DECADE FOR ENTIRE LOWER 
WATERSHED 


() (2) (3) (4) (5) joe irs) 


"value of” fa or on if Equivalent 


Summatio id be reve: 
Summation ef saben of Summation veld at made at ‘Goal cut 


of total cost casn receipts of actual —<— — 
from Sula. aeeateny 


stand + oe - thin- cost of in- lar 
in imber at ings with vestment at ite period of particular 

years each decade interest each decade an asset 10 years 10-yr. period 
40 $50.15 $59.15 $38.88 —$20.27 
50 92.46 $18.63 73.83 97.70 +23.87 $0.134 
60 144,22 53. 90.59 177.30 86.71 0.300 
70 224.59 107.78 116.81 313.44 196.463 0.426 
80 349.40 185.08 164.32 432.72 268.40 0.368 
90 543.23 306 . 80 236.43 566.40 329.97 0.288 
100 844.23 480.48 363.75 714.78 351.03 0.196 
110s: 1,311.68 751.40 560.28 875.16 314.88 0.119 
a 2,037 .62 1,166.92 870.70 995.62 124.92 0.029 

Note: For statement of items com column 2, 
and compare with column 4 of Table Peon oe 
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Table II shows a summarized statement of all the esti- 
mated costs and receipts per average acre at the end of each 
decade for the entire lower watershed An inspection of the 
table will show that the greatest net annual revenue per acre 
is at the expiration of 70 years. At 70 years the value of the 
standing timber is $313.44 per acre At that time the total 
value of the standing timber on tne lower watershed would 
be $9,779,328. 

The net profits to the city, after deducting the accumulated 
cost of stocking the land, of the management and protection 
of the timber, is $196.53 per acre, or a total of $6,135,000 for 
the area of 31,200 acres included in the lower watershed. This 
estimated net profit is obtained by the use of the most conser- 
vative stumpage values. 


CONCLUSIONS 


(1) The proposition of reforesting the Cedar River water- 
shed is essentially practicable and there will be no difficulty 
in creating a new forest. Under proper management and with 
thorough protection against fire, the future yields should be 
at least equal to those forecasted in the U. S. Forest Service 
tables. 

(2) The reforestation will prove of very great benefit to 
the water-supply of the city, and on that account alone the 
work may be justified. 

(3) Valies will be created where otherwise they would 
never exist. What is now a Hability will be converted into 
an asset of very great value. 

(4) The initial investment required is very small, and the 
total cost will be distributed over a number of years. 

(5) The cost of the work will be returned to the city to- 
gether with a profit estimated at from $6,000,000 to $9,000,000 
by the expiration of 70 years, with a possibility of greatly 
increased profits at a longer period, particularly if the 
stumpage prices continue to increase in future as they have 
in the past. 









NOTES FROM THE ENGI- 
NEERING SCHOOLS 


UNIVERSITY OF Montana—At the last session of the 
state legislature, an act was passed providing that after 
July 1, 1913, the State University at Missoula, the Col- 
lege of Agriculture & Mechanic Arts at Bozeman, the 
School of Mines at Butte, and the Normal School at Dil- 
lon, should constitute the “University of Montana” with 
control and supervision invested in the State Board of 
Education. It is reported that all of the engineering 
courses maintained by the state, except the course in min- 
ing engineering at the School of Mines in Butte, will be 
concentrated in the college at Bozeman. 

Prof. A. W. Richter, dean of the engineering deaiahi 
ment in the old state university, has been transferred to 
Bozeman and becomes dean of engineering there. 


24 


A State Hydro-Electric Power System will soon be built in 
Prussia, according to the London “Times” of Aug. 6, 1913. 
About $2,500,000 has been appropriated for the development of 
power at Hemfurt on the River Eder and at Helminghausen 
on the Dieme from existing reservoirs used with the Rhine- 
Hanover Canal. Later a third plant at Munden on the Ful- 
da and .Werra will be connected to the system. At Hemfurt 
the reservoir has a capacity of 1975 million gallons and a 
head of 135 ft.; there would be six 2300-kw. turbine generat- 
ing units. At Helminghausen the reservoir has a capacity 
of 194 million gallons and a head of 114 ft.: here would be 
one 2000-kw. and two 600-kw. turbine units. At Munden 
there would be three 1200-kw. and three 450-kw. units. The 
Hemfurt and Helminghausen plants, from the start, would 
be tied in with the steam station of the Prussian Railways 
at Cassel and possibly with the municipal steam system in 
Cassel and G5ttingen. 

The state system, with 215 miles of 40,000-volt transmis- 
sion line, would serve 13 counties in Prussia and three in 
Waideck—about 2500 sq.mi., having a population of 600,000. 
Local companies and inunicipalities would intervene between 
small customers and the state system. 
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A Greasc Cup Exploded on the driving rod of a Union 
Pacific R.R. locomotive at Evanston, Wyo. Aug. 19. The 
engineer and the fireman were injured. 


A Fire on the Steel Tank Steamship “Burgomeister Hack- 
man,” lying at a pier at the Bush Terminal, Brooklyn, N. Y., 
Aug. 28, destroyed the vessel and its cargo of some 700,000 
gal. of refined oil, valued at approximately $200,000. The ship 
had been chartered by the Vacuum Oil Co., 29 Broadway, New 
York City, to convey 750,000 gal. of oil to New Zealand and 
Australia. The oil, contained in 140,000 five-gallon cans, was 
being loaded into the hold by 100 men, when one of the men 
accidentally dropped a can of the oil down into the hold. 
This resulted in a severe explosion which was followed at 
intervals by many others. The ship was built five years ago 
by Siemers & Co., of Hamburg, Germany. 


A Fire on the S.S. “Imperator” of the Hamburg-American 
Line, while lying at her dock in Hoboken, N. J., Aug. 28, did 
considerable damage. An official statement given out by the 
company says: 

A fire broke out in the provision rooms of the steamship 
“Imperator” at about four a.m. The fire was confined abso- 
lutel: to the compartment where the provision rooms are sit- 
uated, and was under control after a few hours. No damage 
was‘ done to the passenger accommodations, except in some 
of the companion ways of the second and third class, through 
which the hose lines were laid, but this damage was of no 
consequence, and can be repaired in a very short time. 


It was necessary to flood that part of the ship in which 
the fire was situated, and she took a heavy list to starboard 
(about 12°). Sixteen lines of hose played water into the hold, 
from 4:30 to 8:30 a.m. The fire originated (from causes not 
yet determined) in a provision room on the after part of deck 
H, the deck just above the water line. The 1800 or so steer- 
age passengers, who had not yet been transferred, were taken 
ashore and housed on the pier. In an effort to discover the 
actual conditions prevailing in the compartment containing 
the blaze, Second Officer Gobrecht lost his life. The “Im- 
perator” entered the harbor at 7:30 p.m., Aug. 27, carrying 
3193 passengers of all classes, the largest number ever trans- 
ported across the Atlantic upon a single ship. The “Imper- 
ator” sailed on~Aug- 30; "us “per schedule. 

The San Francisco Municipal Ry. (Geary St. line) is re- 
ported by Wm. Dolge, of the City Supervisors’ finance com- 
mittee, to have earned a net profit of $19,364 in the seven 
months from Dec. 28, 1912, to July 31, 1913, after deduction for 
“actual expenses,/ dep eciation, sinking fund and interest on 
bonds.” On the,basis income, profit and loss statement for 
July, 1913, the estimated net profit for the coming year is 
$101,051. If it were a privately owned utility, he reports, 
state, federal and franchise taxes, license fees, attorney's 
services, insurance, etc., would reduce this profit to $52,578. 


Municipal Street-Rallway Lines to furnish transportation 
for the Panama-Pacific Canal Exposition were voted on Aug. 
26, by the people of San Francisco. A $3,500,000 bond issue 
for this purpose was approved. The city has already em- 
barked in municipal ownership with the Geary St. line, which 
was placed in operation Dec. 28, 1912. Bion J. Arnold, as 
consulting engineer, reported to the Board of Supervisors 
what lines were advisable and noted that the city must be 
prepared to shoulder the financial responsibility as private 
capital could not be expected to participate under the present 
franchise conditions stipulated by the city charter. 


The Purchase of the Plant of the Des Moines Water Co. 
has been made the subject of a tentative agreement between 
the president of the company and James R. Hanna, Mayor of 
Des Moines. A valuation of $2,302,000 was placed on this 
plant by appraisal proceedings on Apr. 1, 1912. The water 
company immediately appealed from the decision insisting 
that it could not take less than $2,700,000 for the property 
plus the cost of extensions. The tentative agreement just 
made provides, as we understand it, for accepting the ap- 
praised price plus additions since Apr. 1, 1912. The agree- 
ment has yet to be approved by the trustees of the water 
company, by the city council and by the people of the city of 
Des Moines, according to a letter from Mayor Hanna dated 
Aug. 12. 


The Hydro-Aéroplane Trip Around the British Coast, at- 
tempted by Harry G. Hawker, in response to the offer by the 
London “Daily Mail” of a prize of $25,000 for the successful 
completion of such a journey, ended Aug. 27 in an accident 
after nearly 70% of the required distance had been covered. 
After having traveled 1043 of the 1540 miles he fell into the 
sea 14 miles north of Dublin, Ireland, and was rescued, unin- 
jured, by coast guards. The mishap was caused by one of 
his rubber-soled shoes slipping off the rudder bar as he was 
preparing to alight at Lough Shinny. The hydro-aéroplane 
got out of control and plunged downward 50 ft., falling into 
the sea a short distance from the shore, and was wrecked. 
In the first six stages of his flight, Hawker covered 836 miles 
in 853 min. flying time. 
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A Rear Collision occurred between the second s- 
the Bar Harbor express and the first section of th 
Mountain express, on the New York, New Haven & |) 
R.R., near North Haven and about seven miles fro) 
Haven, Conn., at 6.55 a.m., Sept. 2. Twenty-one perso 
killed and many more injured. According to press dis 
the heavy traffic, due to the season, disarranged the s 
The second section of the Bar Harbor express was he! 
the main line, eight miles outside of New Haven, be: 
the pressure of traffic in the yards. The White Mount 
press, running at about 35 mi. per hr., rammed the 
section of the Bar Harbor express, demolishing the tw 
Pullmans and overturning the third, causing it to ro} 
an embankment. No one seems to have been killed . 
colliding train. The collision occurred on a clear str: 
track, with signals set against the following train, 1} 
weather was foggy and the engineer claims that he s:\ 
signals. The first official statement of the railroad was 
out from the publicity office in the Grand Central Statioy . 
8:40 a.m. and was as follows: 

General gg gt oy Woodward reports: White \)>) 
tain express, first section 95 due in New York at 7:32 . 
ran into the rear end of second section 91, Bar Harbor ex), 
due in New York 7:36, one mile north of North Haven, « 
at 6:55 a.m. Two rear sleepers were damaged. Thirteen dea, 
have been taken out. The first section consisted of so ven 
cars drawn by engine 1337, A. B. Miller, engineer; conductor, 


Fowler. The second section had stopped for signal. Tne 
weather was extremely foggy. 
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The Chicago Garbage-Disposal Plan, by which the city 
agrees to purchase the plant of the Chicago Reduction Co., at 
a price to be determined by a board of appraisal, was settled 
finally at a special meeting of the City Council on Aug. 29. 
The agreement had been made some time previously, but 
since then the company had demanded that the contract 
should include provisions requiring the appraisers to take 
into consideration the “reasonable development expenses” in- 
curred by the company in bringing the plant to its present 
condition and to consider also the peculiar adaptability of the 
site. As these specific requirements were not included in the 
original agreement, an ordinance had to be passed effecting 
the change, and as the company’s contract expired Aug. 31, 
it was necessary to hold a special meeting. The ordinance 
was denounced vigorously, as was the dilatory method of the 
city officials in continually delaying consideration of the 
matter until action was rendered absolutely necessary by the 
expiration of the present contract with the company. The 
mayor suggested that the new clauses would have little effect 
upon the appraisal, but in reply to this it was asked why it 
should be necessary to rush these clauses through at a special 
meeting if they really had no effect. The company has in- 
_Sisted that if the matter was not settled by Aug. 31, it would 
cease to handle the garbage, and various alternative plans 
have been declared by the city authorities to be impracticable. 
The appraisers comprise Henry A. Allen (representing the 
city), Harold Almert (representing the company), and Leon- 
ard Metcalf, of Boston, as the third member. 


Commission Government for Pennsylvania Cities of the 
Third Clase was made compulsory by the legislature of 1913. 
The act affected 22 cities at the time of its passage and 
will include any accession to the list of third-class cities. 
Already a number of boroughs have initiated proceedings 
for a vote on the adoption of the act, which is open to any 
borough, town or township, or two or more such, having a 
popufation of 10,000 or more, all located in one county. All 
legislative powers of third-class cities are to be vested in a 
council composed of the mayor and four other members. The 
mayor is to serve for four years and the other councilmen 
for two years, and all are to be elected this fall and take 
office on Dec. 1, 1913, except in the case of mayors elected in 
1911, who will serve until 1915. Appointed officers will also 
serve out their present terms. The first mayors and coun- 
cilmen will have salaries of $500 a year for mayors and 
$250 for councilmen in cities of 15,000 or less, rising by 
steps to $3000 and $3500, respectively, for cities of 70,000 
population and over. Any city council may fix the salaries 


- of the mayor and members of the succeeding council at any 


figure between the limits named. The mayor is to be the 
head of the Department of Public Affairs, and the council 
is to choose from among its other members one to head each 
of these four additional departments: Accounts and Finance; 
Public Safety; Streets and Public Improvements; Parks and 
Public Property. Aside from a controller elected by popular 
vote for a period of four years, the council chooses all heads 
of executive departments, and in general has the power 
of appointing and dismissing all subordinate officers and 
employees, except as noted below in regard to employees un- 
der the city engineer. A board of health may be created 
by the council, or it may itself serve in that capacity, with 
the city clerk acting, ex-officio, as secretary of the board 
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ther case. The act makes no provision for civil ser- “a salary of $2700 per annum. Mr. S. G. Griffith has 
ithe : 


.nd demands no qualifications, in the way of education, 
ning or fitness, for any officer, except that the city treas- 
: shall “be a competent accountant,” the city solicitor 
erson learned in the law and qualified to practice in the 
‘eme Court” of Pennsylvania, and the city engineer “a 
npetent civil engineer.” The city engineer seems to be 
. more power and dignity than the other executive of- 
7 under the council. He is to have “direction and con- 
of “the engineering matters of the city,” and “shall 
»point such number of assistants and employees as the 
:ncil shall authorize by ordinance.” No city department 
a ll employ or retain” any engineer save the city engineer 
es ept “with the previous assent of the council and as re- 
ards water-works in any city where the water-works is 
i the name of the commissioners of water-works. The 
t provides for the initiative and the referendum, but not 
for the recall. The 22 cities affected by the act are: Allen- 
town, Altoona, Bradford, Carbondale, Chester, Corry, Easton, 
frie, Harrisburg, Hazleton, Johnstown, Lebanon, McKeesport, 
Meadville, Oil City, New Castle, Pittston, Reading, Titusville, 
Vilkes-Barre, Williamstown, York. Since the act went into 
effect (up to Aug. 22), the borough of South Bethlehem has 
voted for commission government and the boroughs of 
Mount Carmel, Pottstown, Shamokin and Sunbury have voted 
against it. Under comparatively recent legislation, Pitts- 
burgh and Scranton, cities of the second class, already have 
small single-chambered councils. Lancaster and four other 
minor cities are under special charters. 


PERSONALS 


Mr. T. Keaveny has been made Roadmaster of the Oregon- 
Washington R.R. & Navigation Co., at Colfax, Wash., .suc- 
ceeding Mr. H. J. Shaw, transferred. 


Mrs. Cora B. Williams, widow of the late J. P. Willams, 
has been elected President of the Georgia, Florida & Ala- 
bama R.R., to succeed her late husband. 


Mr. Jesse W. Lilienthal, a lawyer of San Francisco, Calif., 
has been elected President of the United Railroads, the San 
Francisco street railway system, to succeed Mr. Patrick Cal- 
houn. 


Mr. E. J. Parrish, Superintendent of Telegraph of the New 
York, Chicago & St. Louis R.R., has been promoted to be Di- 
vision Superintendent at Fort Wayne, Ind., succeeding Mr. 
Ss. K. Blair, resigned. 


Mr. R. R. Potter, formerly Assistant Editor of “Engineer- 
ing News” has been promoted to be Assistant General Man- 
ager and Production Engineer of the Blood Bros. Machine 
Co., Kalamazoo, Mich. 


Mr. J. L. Taylor, formerly Assistant Engineer of the Grand 
Rapids & Indiana Ry., Fort Wayne, Ind., has been appointed 
Assistant Division Engineer of the Pittsburgh, Cincinnati, 
Chicago & St. Louis Ry., Louisville, Ky. 


Mr. G. M. Crownover, recently Master Mechanic of the Chi- 
cago Great Western Ry., at Oelwein, Iowa, has been pro- 
moted to be Superintendent of Motive Power, with office at 
Oelwein, succeeding Mr. J. G. Neuffer, resigned. 


Mr. Frank Williams, for several years Superintendent of 
the South Works of the American Steel & Wire Co., Wor- 
cester, Mass., has been appointed Superintendent of all the 
works of the company at New Haven, Conn. He is succeeded 
at Worcester by Mr. Edward Hentz. 


Mr. C. H. Sanderson, M. Am. Inst. E. E., recently Electrical 
Engineer, in charge of switchboard and power station de- 
sign, Westinghouse Electric & Manufacturing Co., East Pitts- 
burgh, Penn., has been appointed Chief Engineer of the Ha- 
vana Electric Railway, Light & Power Co., Havana, Cuba. 


Mr. W. 8S. Martin, recently Assistant General Manager of 
the Denver & Rio Grande R.R., Denver, Colo., has been pro- 
moted to be General Manager, succeeding Mr. E. L. Brown, 
who was recently made Vice-President in charge of operation 
of both the Denver & Rio Grande and the Western Pacific 
Ry., at San Francisco, Calif. 


Mr. J. C. O'Neill, formerly an Engineer on the construction 
of the Chicago, Milwaukee & Puget Sound Ry., has been ap- 
pointed Chief Engineer of the Butte, Wisdom & Pacific Ry., 
a new railway which is being extended from Butte into south- 
western Montana. The railway is to be 128 miles long and 
it is reported construction work is soon to be begun. 


Mr. C. H. Stevens has been appointed Chief Draftsman of 
the new Department of City Transit, Philadelphia, Penn., at 


been appointed Assistant Engineer of the same department 
at a salary of $2200 per annum; and Mr. H. B. Hughes has 


been appointed Assistant Engineer at a salary of $2000 per 
annum. 


Mr. Joseph Mayer, M. Am. Soc. C. E., Principal Assistant 
Engineer, Quebec Bridge Commission, Montreal, Que., was the 
designer and Chief Engineer of construction of the super- 
structure of the famous Poughkeepsie Bridge over the Hud- 
son River and not the late Robert Escobar, as stated in our 
issue of Aug. 7, p. 276. Mr. Escobar’s connection with the 
Union Bridge Co. is given more in detail in a letter by Mr. 
Charles Macdonald, Past-President, Am. Soc. C. E., elsewhere 
in this issue. 


Mr. Howard M. Biscoe, Traffic Manager of the Boston & 
Albany R.R., at Boston, Mass., has been elected Vice-President 
in charge of operation to succeed Mr. James H. Hustis, who 
became President in charge of operation of the New York, 
New Haven & Hartford R.R., on Sept. 1. Mr. Biscoe was born 
in Westboro, Mass., in 1869. He graduated from Yale Uni- 
versity in 1892 and entered the service of the Boston & Al- 
bany R.R. the same year as a clerk in the ticket auditor's 
office in Boston. He has been Traffic Manager since 1910. 


Mr. Hugh L. Cooper, M. Am. Soc. C. E., Consulting Engi- 
neer, New York City, and Chief Engineer of the recently 
completed Keokuk plant of the Mississippi River Power Co., 
has been further honored by having the lake, covering some 
700 sq. mi., which is formed by the dam across the Mississipp! 
River, named Lake Cooper. To perpetuate the memory of 
our notable engineers by associating their names with the 
products of their energy and skill is an excellent practice 
and will do much to keep straight the record of historical 
engineering enterprises. Mr. F. H. Newell, M. Am. Soc. C. E., 
Director of the U. S. Reclamation Service, enjoys the dis- 
tinction of having a town in South Dakota named for him, se, 
at least the names of two of our present-day engineers will! 
become a part of the geography of the United States. 


| OBITUARY | 


William Carpenter Smith, Chief Engineer of Maintenance- 
of-way of the Northern Pacific Ry., St. Paul, Minn., died Aug. 
26, at his home in St. Paul. He had been ill for several 
months. Mr. Smith was born July 30, 1865, at St. Cloud, Minn. 
He graduated in civil engineering from the Minnesota State 
University in 1890, and soon after entered the service of the 
St. Paul & Northern Pacific Ry., as Resident Engineer. From 
1893 to 1897 he was Assistant Engineer of the Northern Pa- 
cific Ry., at Duluth, Minn., and later held the same position 
for two years at Jamestown, N. D. From 1899 to 1902 he 
was Assistant Engineer in charge of construction work. In 
1902 he was promoted to be Division Engineer at Livingston, 
Mont., which position he held for five years, most of which 
he was stationed at St. Paul. In 1907 he was promoted to 
be Engineer of Maintenance-of-way, and three years later te 
be Chief Engineer of Maintenance-of-way. 


Francis Valentine T. Lee, M. Am. Inst. E. E., Consulting 
Engineer, of Victoria, B. C., and London, England, died in 
Victoria, Aug. 17. He was born in 1870 in Winchester, Eng- 
land. His father was a British Army officer. Mr. Lee came to 
the United States when 17 years old and was employed by 
an electrical supply company in New York City. Here he 
met the late Dr. F. A. C. Perrine, at that time Professor of 
electrical engineering at the Leland Stanford, Jr., University, 
who induced him to go to California. After completing a 
course at th: university he was employed in engineering work 
on the construction of several hydro-electric plants, which 
are now a part of the property of the Pacific Gas & Electric 
Co. During this time he was associated with John Martin & 
Co. In 1906 he entered the employ of the Pacific Gas & Elec- 
tric Co., where he remained until 1910. Since then he had 
practiced extensively on the Pacific coast as a consulting en- 
gineer. Mr. Lee was also a member of the Institution of 
Electrical Engineers, of Great Britain. 


Franklin Allen Hinds, M. Am. Soc. C. E., whose death was 
noted in our issue of last week, was educated at Jefferson 
County Institute, New York, and after a short period spent 
in Portland, Ore., at the Sheffield Scientific School, Yale Uni- 
versity. After leaving college he was employed for a year 
by an engineer in New York City, whose specialty was land- 
scape gardening and drainage. In 1868 he was engaged in 
surveys for the Black River & St. Lawrence R.R., which was 
first laid with wooden rails. It was years afterward recon- 
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structed and is now the Carthage and Adirondack branch of 
the New York Central Lines From this work he went to 
the Carthage, Watertown & Sacketts Harbor R.R., as noted tn 
our issue of last week. 

In 1874-'75, Mr. Hinds laid out the Thousand Islands Park 
aad later nearly all the parks on the St. Lawrence River. In 
1880, after serving as City Engineer of Watertown, he took 
into partnership H. C. Hodgkins, M. Am. Soc. C. E., and the 
firm of Hinds & Hodgkins were engaged in the design and 
construction of numerous water-works plants in the East. 
In 1883 the firm was increased by the addition of J. F. Moffett, 
and the firm of Hinds, Moffett & Co., continued in the con- 
struction of water-works. A few years after Mr. Hinds sold 
his share of the partnership to the other members of the 
firm, which became Moffett, Hodgkins & Clarke. In 1887-'88 
Mr. Hinds was engaged in the construction of the Ontario 
Paper Mills, near Brownsville. In 1889 he formed a partner- 
ship with E. A. Bond, M. Am. Soc. C. E., later State Engineer 
of New York. 

Mr. Hinds had one of those lovable dispositions that made 
friends wherever he went, and he never lost one. The impress 
of his life's work is upon all the public institutions of the 
city he loved and served faithfully for so many years. [Con- 
tributed *by Mr. H. C. Hodgkins, Consulting Engineer, Syra- 
cuse, N. Y.) 
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ENGINEERING SOCIETIES 


COMING MEETINGS 


acuennneneneonvenenennny 


AMERICAN BOILER MANUFACTURERS’ ASSOCIATION, 
Sept. 1-4. Annual convention at Cleveland, Ohio. Secy., 
y D. Farasey, 37th St., Cleveland, Ohio. 


INTERNATIONAL ASSOCIATION OF FIRE ENGINEERS. 
Sept. 1-6. Annual convention at New York City. Secy., Jas, 
cFall, Roanoke, Va. 


ROAD MAR SRS AND MAINTENANCE OF WAY ASSOCIA- 
1¢ 


N. 
Sept. 8-12. Annual convention at Chicago, Ill. Secy., L. C. 
tyan, Chicago and North Western Ry., Stirling, Til. 


AMERICAN CHEMICAL SOCIETY. 
Sept. 8-12. Annual meeting at Rochester, N. Y. Secy., Chas. 
Parsons, Durham, N. H. 


AMERICAN ELECTROCHEMICAL SOCIBTY. 

Sept. 9-11. The 24th general meeting at Denver. Secy., 
*rof. Jos. W. Richards, Lehigh University, South Bethle- 
hem, Penn. 

NEW ENGLAND WATER-WORKS ASSOCIATION. 

Sept. 10-12. Annual convention at pepe, Penn, 

ecy., Willard Kent, Narragansett Pier, R. 1 
AMERICAN PUBLIC HEALTH ASSOCIATION, 

Sept. 9-138. Annual meeting at Colorado Springs, Colo. Secy., 
g M. Gunn, 755 Boylston St., Boston. 

MASTER CAR AND LOCOMOTIVE PAINTERS’ ASSOCIATION. 

Sept. 9-12. Annual convention at Ottawa, Ont. Secy., A. P. 
Jane, Reading, Mass. 

NATIONAL PAVING BRICK MANUFACTURERS ASSOCIA- 
oO 


Sept. 17-18. Tenth annual meeting at Cleveland, Ohio. 
Becy., W. P. Blair, 824 Engineers’ Building, Cleveland, 
0. 


INTERNATIONAL CONGRESS OF REFRIGERATION, 
—— 17-Oct. 1. Third congress. at Chicago, Il. 
ecy., J. F. Nickerson, Chicago. 
ILLUMINATING ENGINEERING SOCIETY. 
Sept. 22-26. Annual convention at Pittsburgh, Penn. Secy., 
. D. Israel, 29 W. 39th St., New York City. 


AMERICAN MINE SAFETY ASSOCIATION. 
Sept. 22-24. Annual meeting at Pittsburgh, Penn. Chair- 
man, H. M. Wilson, 40th and Butler Sts., Pittsburgh, Penn. 
AMERICAN ROAD CONGRESS. 
Sept. 29-Oct. 5. Annual convention at Detroit, Mich. 
en. Secy., J. C. Pennybacker. 
AMERICAN SOCIETY OF MUNICIPAL IMPROVEMENTS. 
Oct. 7-10. Annual convention at Wilmington, Del. Secy., 
$e H. McGovern, Chamber of Commerce, Wilmington, 
el. 
RAILWAY SIGNAL ASSOCIATION. 
Oct. 14-16. Annual meeting at Nashville, Tenn. Secy., C. C. 
Rosenberg, Times Building, Bethlehem, Penn. 


AMERICAN ELECTRIC RAILWAY ASSOCIATION. 
Oct. 18-17. Annual convention at Atlantic City, N. J. Secy., 
H. C. Donecker, 29 West 39th St., New York City. 
AMERICAN GAS INSTITUTE. 
Oct. 15-17. Annual meeting at Richmond, Va. Secy., Geo. 
G. Ramsdell, 29 West 39th St., New York City. 


AMERICAN MINING CONGRESS. 
Oct. 20-25. Annual convention at Philadelphia, Penn. Secy., 
J. Callbreath, Majestic Building, Denver, Colo. 


AMERICAN RAILWAY BRIDGE AND BUILDING ASSO- 
CIATION 


Oct. 21-28. Annual convention at Montreal, Que. Secy., C. 
A. Lichty, 319 North Waller Ave., Chicago, Til. 
NATIONAL ASSOCIATION OF RAILWAY COMMISSIONERS. 
Oct. 28. Annual Convention at Washington, D. C. Secy., 
. Wm. H. Connolly, Interstate Commerce Commission, 
Washington, D. C. 
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American Chemical Society—The 48th meeting will } 
at Rochester, N. Y., Sept. 8-12. The program is divi... 
follows: (1) Agricultural and Food Chemistry; (2) Or 
Chemistry; (3) Biological Chemistry; (4) Pharmac. 
Chemistry; (4) India Rubber Chemistry; (5) Industriai : 
ists and Chemical Engineers; (6) Physical and Ino 
Chemistry; (7) Fertilizer Chemistry; (8) Water, Sewa; 
Sanitation. An idea of the scope of this convention 
had from the fact that 168 papers are scheduled for pre 
tion before the above divisions. 


National Paving Brick Manufacturers Association 
tenth annual meeting, at Cleveland, Ohio, Sept. 17-18 
include a conference of city engineers and other officia , 
paving contractors. Committees representing the Ame, 
Society of Municipal Improvements and the American 
clety for Standardizing Paving Specifications, will me 
Cleveland, Sept. 15-16, to visit brick-making plants and ; 
attend the meeting. 

The mornings of Sept. 17 and 18 will be devoted to 
business sessions of the Association, and at the dinner 
Sept. 18 there will be opportunity for discussions. Ags }, 
the city of Cleveland and Cuyahoga county are increasing t}\..i; 
mileage of brick pavements, visits of inspection will be made 
to construction work in progress as well as to completed 
work. It is stated that these visits will include city streets 
with brick paving laid 19 years ago and which have not re- 
quired any expenditure for maintenance due to wear and 
tear. 
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Central States Water-Works Association—The seventeenth 
annual convention was held at Cedar Point on Lake Erie 
(near Sandusky, Ohio), on Aug. 26 to 28, with T. C. Beardsley, 
of Cleveland, Ohio, in the chair. Upward of 75 members and 
guests were present, four papers were read, some seven or 
eight manufacturers had exhibits, there was a visit to the 
Sandusky filtration plant and a dinner was given by the 
supply men. 

J. C. Martin, of Wilmington, Del., prominent in the electric. 
light circles of Ohio, was advanced from the vice-presi- 
dency to the presidency, and F. W. Collins, of Manistee, Mich., 
was made vice-president. R. P. Bricker, of Shelby, Ohio, was 
reélected as secretary and A. W. Inman, of Massillon, Ohio, 
was re#lected treasurer. Wheeling, W. Va., was chosen as the 
next meeting place, the exact date to be fixed later. 

During the convention there was considerable discussion 
of the proposition to become a chapter or local section of the 
American Water-Works Association. A number favored the 
plan, but some feared that the loss of identity and of oppor- 
tunity for the men connected with the smaller works would 
more than offset any gain from affiliation. Edward Bartow, 
of the Illinois State Water Survey, who is a member of a 
committee of the American Water Works Association, charged 
with formulating a plan for taking in other societies, form- 
ing chapters, ete. read copies of tentative reports on the 
subject, recently drawn for presentation to the larger asso- 
ciation. It was finally voted to refer the matter of affiliation 
to the executive committee of the Central States Water 
Works Association, plus one member from each state not 
represented on that committee, for report a year hence. 

A paper on water-works valuation, by Philip Burgess, of 
Columbus, Ohio; gave some facts regarding valuations of the 
private works of Chillicothe and Bexarkana, Ohio, in which 
he represented the city. Most of the paper was taken up 
with an qutline of the various methods of estimating coset and 
depreciation. Mr. Martin, in discussing the paper, argued for 
valuation on the basis of carning power and urged the water- 
works men (private plants) of Ohio to stand together in all 
proceedings before the Ohio Public Service Commission. Mr. 
Burgess stated that an Ohio law, which went into effect in 
August, 1903, provides that valuations for either purchase or 
rate making shall be on the reproduction-new basis and shall 
consider the question of franchise and good will, but fails 
to state what account shall be taken of these. 

A short paper by T. F. Hynes described the use of “Water 
Motors for Vacuum Heating Systems.” Mr. Martin pointed 
out that unless the water so employed could be used over 
again the practice was likely to be uneconomical and urged 
that the cost of water-motor power should be compared with 
that of electric or gas power before deciding on the use of 
the former. He said that where water is sold at flat rates 
there is a strong tendency for consumers to use water motors 
to their own personal saving, but at the expense of the water 
department or company. 

A short paper by J. B. Merriam dealt in an elementary 
way with “The Gas Engine in Its Adaptation to the Indus- 
tries." W. J. Springborn, Director of Public Service, Cleve- 
land, Ohio, spoke warmly in favor of municipal ownership in 
general and painted .a glowing. picture ofthe success’ of the 
Cleveland water-works under municipal ownership. 








